JULY 1957 


PACIFIC SCIENCE 


A QUARTERLY DEVOTED TO THE BIOLOGICAL 
AND PHYSICAL SCIENCES OF THE PACIFIC REGION 


IN THIS ISSUE: Bieri — Chaetognath Fauna off Peru in 
1941 @ Wilson — Redescription of Teredicola typica @ 


Demond— Micromesian Reef-associated Gastropods @ 
Laird — Aédes (Finlaya) freycinetiae, A New Mosquito 
from Fiji @ News Note 


UNIVERSITY OF HAWAII PRESS 


BOARD OF EDITORS 
O. A. BUSHNELL, Editor-in-Chief 


Department of Bacteriology, University of Hawaii 


MARION P. GODDARD, Assistant to the Editors 
Office of Publications and Information, University of Hawaii 


ALBERT H. BANNER 


Department of Zoology and Entomology 
University of Hawaii 


VERNON E. BROCK 
Division of Fish and Game 
Territorial Board of Agriculture and Forestry 

Honolulu, Hawaii 


Doak C. Cox 
Geologist, Experiment Station 
Hawaiian Sugar Planters’ Association 
Honolulu, Hawaii 


WILLIAM A. GOSLINE 
Department of Zoology and Entomology 


University of Hawaii 


WILLIAM Hoar 
Department of Zoology 
University of British Columbia 
Vancouver, British Columbia, Canada 


JOsEPH KING 
Fishery Biologist 

Pacific Oceanic Fishery Investigation 
Honolulu, Hawaii 


THOMAS NICKERSON, Managing Editor 
Office of Publications and Information, University of Hawaii 


Marie C. NEAL 
Botanist, Bernice P. Bishop Museum 
Honolulu, Hawaii 


YAICHIRO OKADA 


Dean, Faculty of Fisheries 
Prefectural University of Mie 
Oranimachi, Tsu, Mie Prefecture 


Japan 


HANS PETTERSSON 


Oceanografiska Institutet 
Goteborg, Sweden 


G. DONALD SHERMAN 


Chemist, University of Hawaii 
Hawaii Agricultural Experiment Station 


HAROLD ST. JOHN 


Department of Botany 
University of Hawaii 


LEONARD D. TUTHILL 


Department of Zoology and Entomology 
University of Hawaii 


Contributions to Pacific biological and physical 
science will be welcomed from authors in all parts of 
the world. (The fields of anthropology, agriculture, 
engineering, and medicine are not included.) Manu- 
scripts may be addressed to the Editor-in-Chief, 
PACIFIC SCIENCE, University of Hawaii, Honolulu 
14, Hawaii, or to individual members of the Board 
of Editors. Use of air mail is recommended for all 
communications, 


Manuscripts will be acknowledged when received 
and will be read promptly by members of the Board 
of Editors or other competent critics. Authors will be 


notified as soon as possible of the decision reached. 


SUGGESTIONS 


TO AUTHORS 


Manuscripts of any length may be submitted, but 
it is suggested that authors inquire concerning possi- 
bilities of publication of papers of over 30 printed 
pages before sending their manuscript. Authors should 
not overlook the need for good brief papers, presenting 
results of studies, notes and queries, communications 
to the editor, or other commentary. 
PREPARATION OF MANUSCRIPT 

Although no manuscript will be rejected merely 
because it does not conform to the style of PACIFIC 
SCIENCE, it is suggested that authors follow the style 
recommended herein and exemplified in the journal. 
(Continued on inside back cover) 


PACIFIC SCIENCE 


A QUARTERLY DEVOTED TO THE BIOLOGICAL 
AND PHYSICAL SCIENCES OF THE PACIFIC REGION 


VOL. XI JULY 1957 NO. 3 


Previous issue published April 9, 1957 


CONTENTS 


The Chaetognath Fauna off Peru in 1941. Robert Bieri . 
Redescription of Teredicola typica C. B. Wilson. Mildred Stratton Wilson 
Micronesian Reef-associated Gastropods. Joan Demond 


A New Mosquito from Fiji, Aédes (Finlaya) freycinetiae n. sp. (Diptera: 
Culicidae). Marshall Laird 


NEWS NOTE 


PACIFIC SCIENCE is published quarterly by the University of Hawaii Press, in January, 
April, July, and October. Subscription price is $3.00 a year; single copies are $1.00. 
Check or money order payable to University of Hawaii should be sent to University of 
Hawaii Press, Honolulu 14, Hawaii, U.S.A. 


PAGE 
— 


Et NINO and the “Callao painter” of the 
Peruvian Coast have attained a classic stature 
in the annals of oceanography. The catas- 
trophic effect of this phenomenon on the 
marine life of Peru is well known. The less 
devastating El] Aguaje (literally strong cur- 
rent or rising tide) is not as notorious, but is 
nevertheless of considerable interest because 
it is a more general phenomenon, occurring 
off California, west Africa, and elsewhere. 
Following the terminology of Sverdrup, 
Johnson, and Fleming (1942), El Nino is used 
in this paper to designate the intrusion south 
along the Peru coast of warm water less saline 
than the general surface water of the Peru 
current. In years of unusually heavy penetra- 
tion of this water to the south the rainfall on 
the normally dry Peruvian coast is very great. 
El Aguaje refers to the intrusion to the coast 
of warm, relatively more saline water of 
oceanic origin from the west. This is fre- 
quently accompanied by minor red tides but 
does not bring heavy rainfall as does El Nifio. 
Such phenomena are not only of great eco- 
nomic importance due to the destruction of 
marine life, but also are of considerable scien- 
tific interest because they transport pelagic 
communities great distances from their nor- 
mal ranges. Despite this, the precise effects 
of such occurrences on the quality and quan- 
tity of the local fauna are very poorly known. 
The following discussion describes in some 
detail the distribution of 15 species of Chaeto- 
gnatha in the surface water of the Peru coastal 
current in 1941, in the hope that it will serve 
as a basis for comparison with future work 
in the region and will allow a better evaluation 


1 Contribution from the Lamont Geological Ob- 
servatory, No. 243, Biology Program 8. Manuscript 
received April 23, 1956. 

2 Lamont Geological Observatory, Columbia Uni- 
versity, Palisades, New York. 
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of the effects of these disturbances on the 
local fauna. 
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PREVIOUS WORK 


Our meager knowledge of the Chaetognatha 
in the southeast Pacific comes from a report 
by Baldasseroni (1915) who listed three spe- 
cies, Sagitta enflata, S. lyra, and S. serratodentata 
from a single station off Chile. The reports 
of Grey (1931) and Rose (1953) give some 
idea of the fauna far to the west in the central 
south Pacific. 

The physical characteristics of the region 
are known chiefly from papers by Schott 
(1931), Gunther (1935), and a review of these 
and other data by Sverdrup, e¢ a/. (1942). 
Schweigger (1940) describes some of the 
physical and biological features present off 
the Peru coast in 1939. Sears (1954) gives an 
extensive list of literature dealing with the 
Peruvian coastal region. Fleming (1940), 
Schaefer (1954), Bowman (1955), Juhl (1955), 
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Wilson and Shimada (1955), and Wooster 
and Jennings (1955) discuss various aspects 
of the hydrography and biology of the eastern 
tropical Pacific. 

Several collections of zooplankton have 
been made in the vicinity of Peru—among 
them the Albatross, Dana, Discovery, and 
Carnegie collections—but analyses of the 
chaetognaths from these have not been pub- 
lished. During the course of a United States 
fisheries mission to Peru in 1941, Mr. Milton 
J. Lobell collected 25 plankton samples be- 
tween Callao and the Gulf of Guayquil in the 
period May 6 to 9 (Fig. 1). These samples 
form the basis of this report. 

Recently zooplankton collections have been 
made off Peru by Scripps institution in 1952 
and 1955, and by the California Division of 
Fish and Game and the Bingham Oceano- 
graphic Laboratories in 1953 (Posner, 1954). 
The results of the plankton investigations of 
these institutions are not yet published, but 
the chaetognaths from the collections of the 
Scripps Shellback Expedition in 1952 (240 
samples), and of the California Department 
of Fish and Game Longline Expedition in 


—2 0 
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Fic. 1. Location of 1941 plankton samples. Every 
other station shown. Sample from station 9 not in- 
cluded in this report. 
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1953 (26 samples), have been examined by 
the author. Part of the extensive 1952 ma- 
terial, in preparation for publication, is com- 
pared with the 1941 collection. 


METHODS 


The 1941 samples, preserved in dilute for- 
malin, were collected with a one-half meter 
net made of bobbinet. The exact mesh of the 
bobbinet is not known, but judging from the 
size of the specimens caught it appears that 
the mesh was within the range of one-half to 
three-quarters of a millimeter. All of the tows 
were made at the surface and were of five 
minutes duration. Because of the uncertainty 
of the mesh size and the unknown speed of 
towing, no attempt has been made to estimate 
the volume of water filtered by the net. In- 
stead the total number of specimens of each 
species collected in the tow is reported. 

The author has found the following papers 
helpful in identifying the chaetognath spe- 
cies: Michael (1911), Ritter-Zahony (1911), 
Tokioka (1939 and 1940), Daken and Colefax 
(1940), Thomson (1947), and Fraser (1952). 
The nomenclature of Furnestin (1953), has 
been used for part of the S. serratodentata 
group. 

RESULTS 


Fifteen species of Chaetognatha were found 
in the surface waters off the Peruvian coast in 
1941. Eight, or more than one-half of these, 
indicate warmer water present in May 1941 
than in August 1952. Of the eight species, 
five, Sagitta bedoti, Sagitta californica, Sagitta 
ferox, Sagitta neglecta, and Sagitta tenuis, in- 
vaded the Peru coastal waters from the north. 
Three species, Krohnitta pacifica, Sagitta regu- 
laris, and Sagitta robusta penetrated the coastal 
waters from the west or the north. The remain- 
ing seven species, Pterosagitta draco, Sagitta 
enflata, Sagitta hexaptera, Sagitta lyra, Sagitta 
minima, Sagitta pacifica, and Sagitta sp., prob- 
ably would show marked differences between 
May 1941 and August 1952 if it were possible 
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to compare their relative abundances or ab- 
solute concentrations. 

In Figure 2 the total number of chaeto- 
gnaths found at each station is shown. At no 
station were chaetognaths absent, but at the 
southernmost station only a single specimen 
was taken. The data are highly variable and 
no general trend is evident. The day tows 
averaged four times as many chaetognaths as 
the night tows but because of the great varia- 
bility in abundance this is not regarded as 
significant. 

In Figure 3 the number of species found at 
each station is shown. Although the data are 
highly variable, a general decrease in the num- 
ber of species at the southern stations is ap- 
parent. This is due to a lack of equatorial and 
central oceanic species at the southern stations. 


Total number 


chaetognaths 
®night 


Fic. 2. Number of chaetognaths taken at each sta- 
tion in May 1941. 


Total number 

chaetognath 
species 
*day ®night 


Fic. 3. Number of chaetognath species found at each 
station in 1941. 


Pterosagitta draco (Fig. 4),* occurred at all 
but four stations. This species, which can be 
characterized as a warm water inhabitant, is 
found throughout the Pacific except off the 
California and Korean coasts between roughly 
40 degrees north and 40 degrees south (Bieri, 
unpublished data). As might be expected, it 
does not show any marked discontinuities in 
the Peru region, but does appear to decrease 
in abundance at the southern stations. 

Krohnitta pacifica (Fig. 5) occurred at nine 
nearly Consecutive stations. This species was 
absent from the inshore stations off Peru 
during August, 1952 (Shellback Expedition). 

* In Figures 4-13, the numbers refer to the number 
of specimens of the chaetognath species being dis- 
cussed which were taken in a five-minute surface tow, 
using a one-half meter net. 
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P. draco 
*day @night 


Fic. 4. Occurrence of Pterosagitta draco off Peru in 
1941. (Number per five-minute surface tow, one-half 
meter net.) 


Whether or not this difference is a seasonal 
one can only be shown by repeated short 
interval sampling over a period of several 
years. It can be said, however, that the pres- 
ence of the species closer to the coast in 1941 
could be due to greater penetration of south 
Pacific central water from the west towards 
the coast in 1941 or greater southern penetra- 
tion of equatorial water from the north. 
Sagitta bedoti occurred sporadically in low 
numbers at 14 stations (Fig. 6) with the great- 
est numbers in the north. It was found in the 
nearshore region of Peru in 1952 but appears 
to have penetrated further south in 1941. 
Immature specimens of what appeared to 
be Sagitta californica were foundat four stations 
(a single specimen at stations 14, 18, and 9 
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and three specimens at station 17). This spe- 
cies is widespread in the Pacific, occurring 
from roughly 38 degrees north to 38 degrees 
south; however, it is missing or extremely 
rare in the equatorial region (about 5 degrees 
north to 5 degrees south) and is missing from 
most of the California current. It is not com- 
mon near shore except during unusual con- 
ditions such as reported by Michael in 1913. 
It was present at only one station off Peru in 
1952 (14°01’S, 81°47’'W) but was common 
north of the equator at that time. It appears 
most likely that the specimens in 1941 came 
from the north although the possibility of an 
intrusion from the southwest of Peru cannot 
be definitely ruled out. 

Sagitta enflata (Fig. 7) occurred at all but 
three of the 1941 stations. Its distribution in 


K. pacifica 
®night ’41 
/x/ present ’52 


Fic. 5. 1941 distribution of Krohnitta pacifica com- 
pared to 1952. Crosses with hatchure—present 1952, 
without hatchure—absent 1952. 
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S. bedoti 
*day night 
/x/ present ’52 


Fic. 6. Distribution of Sagitta bedoti in 1941 and 
1952. Crosses with hatchure—present 1952, without 
hatchure—absent 1952. 


the Pacific is very similar to that of P. draco 
and does not indicate any major change. A 
large form of S. enflata maturing at 20 mm. 
or longer was taken at stations 2, 3, 4, 19, 
and 21. In 1952 this form was also recorded 
from the Peru current. 

The distribution of Sagitta ferox (Fig. 8), 
except for its occurrence at station three, is 
very similar to that of K. pacifica and suggests 
a common origin of the two local popula- 
tions. In 1952 it was missing south of the 
equator except for four stations west of 100 
degrees west longitude. Thus it would appear 
that this species could only have come from 
the north. 

Sagitta hexaptera (Fig. 9) was found in small 
numbers at 12 stations in 1941. Its distribu- 
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tion throughout the Pacific is similar to but 
somewhat more widespread than that of P. 
draco and S. enflata; however, it is not usually 
found as close to shore as S. enflata nor is it 
as abundant. This together with its possibly 
different vertical distribution probably ex- 
plains its patchy appearance in the 1941 
collections. 

Single specimens of Sagitta /yra were taken 
at stations 22, 17, and 14 and ten specimens 
at station 23. This species is found through- 
out the Pacific from approximately 45 degrees 
north to about 45 degrees south latitude. It is 
usually absent from very warm surface waters, 
inhabiting the cooler waters below. Its oc- 
currence at the above stations therefore might 


S. enflata 

®night 41 

—large form 
present 


Fic. 7. Occurrence of Sagitta enflata off Peru in 1941, 
A large form of S. enflata maturing at a length of 20 
mm. or greater occurred at the stations with underlined 
concentrations. 
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S. hexaptera 
‘day @night ’4/ 


Fic. 8. Distribution of Sagitta ferox in 1941 and 
1952. Crosses are 1952 stations. S. ferox was absent 
from all 1952 stations. 


seem somewhat anomalous since it occurs 
together with equatorial species. Its distribu- 
tion together with that of S. minima indicates 
complex conditions between stations 14 and 
23. 

Single specimens of Sagitta minima were 
taken at stations 22 and 19 while five speci- 
mens were taken at station 18 and three speci- 
mens at 16. This species has a widespread but 
irregular distribution in the Pacific and is 
most abundant in cool offshore waters. It 
occurred sporadically off Peru in 1952. 

A single specimen of Sagitta neglecta was 
taken at station 17. In 1952 S. neglecta did not 
occur south of about three degrees south 
latitude; thus the present record indicates 
some southward penetration of equatorial 
water. 


Fic. 9. Occurrence of Sagitta hexaptera off Peru in 
1941, 


Sagitta regularis (Fig. 10) had a distribution 
similar to K. pacifica and S. ferox in 1941 and 
occurred considerably inshore of its limits in 
1952. It could have reached this position by 
intrusion of water from the north or west. 

Sagitta robusta (Fig. 11) apparently was 
more common off Peru in 1941 than in 1952. 
Since this species is most abundant in warm 
waters, it indicates warmer water present off 
Peru in May 1941 than in August 1952. 

The Sagitta serratodentata group is here split 
into two populations provisionally called Sa- 
gitta pacifca (Furnestin, 1953) and Sagitta sp. 
S. pacifica has a distribution similar to P. 
draco, S. enflata, and S. hexaptera and is found 
at nearly every station in 1941 (Fig. 12). 

Sagitta sp. is apparently new to science and 
will be described in a future publication. It 
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has a distribution similar to S. minima but 
occurs somewhat deeper than that species. In 
1952 it occurred at every station off Peru 
while in 1941 a single specimen was taken at 
station 7. Much of this difference is no doubt 
due to the fact that-the 1952 net tows were 
oblique to about 300 meters, but more ex- 
tensive sampling of the surface waters off 
Peru may show that Sagifta sp. was unusually 
scarce there in 1941. A specimen belonging 
to the serratodentata group was taken at station 
13 and is for convenience called S. serratoden- 
tata atlantica since it most closely fits the 
description given by Thomson (1947). It is 
considered for the present to be a form of 
S. pacifica and part of that population. 

Sagitta tenuis (Fig. 13) occurred at 12 sta- 


S.regularis 
®night 
/x/ present’52 


Fic. 10. Distribution of Sagitta regularis in 1941 and 
1952. Crosses with hatchure—present 1952, without 
hatchure—ahsent 1952. 


S. robusta 
*day®night 
/x/ present 


Fic. 11. Distribution of Sagitta robusta in 1941 and 
1952. Crosses with hatchure—present 1952, without 
hatchure—absent 1952. 


tions in 1941. The taxonomic status of this 
species has been in doubt for many years. 
Most workers (Faure, 1952; Fraser, 1952; To- 
kioka, 1955) have kept S. tenuis and S. friderici 
as separate species. The author also held this 
opinion for some time; however, in the 1941 
Peru material a complete set of intergrades 
exists between S. friderici to the south and 
S. tenuis to the north. The same situation has 
been observed by the author in samples taken 
off Lower California except that there the 
tenuis-like form is to the south and the friderici- 
like form co the north. Michael (1911) called 
this species Sagitta bipunctata. In view of these 
intergrades, it would appear that S. tenuis and 
S. friderici are ecotypic variants of a single 
interbreeding population or species. Because 
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S. pacifica 
*day ®night 


Fic. 12. Occurrence of Sagitta pacifica off Peru in 
1941. 


of the great variability of the species, it is the 
author's opinion that S. sefosa, living in water 
of reduced salinity, is also a form of the spe- 
cies and is interbreeding with the population 
in the eastern Atlantic. However, until this 
hypothesis can be definitely established or 
disproved, it seems best to retain the name 
S. tenuis for the species. The correlation of the 
morphologic variations of this species with 
its physical environment and the untangling 
of the involved synonymy will be treated 
more extensively in a paper on the general 
biology of the species now in preparation. 
In 1952 S. tenuis occurred at only three 
northern stations and was of the large friderici- 
like form. In 1941 this form was found to the 
south and the small senuis-like form at the 
northern stations. Apparently in August of 
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1952 the senuis-like form (warm water) did not 
extend south of the Gulf of Guayaquil while 
in 1941 it reached south to the coast of Peru. 


CONCLUSION 


Although the material available is not as 
extensive as might be desired, there is no 
doubt that the May 1941 distribution of chae- 
tognaths off Peru was significantly different 
from the August 1952 distribution. The rela- 
tionship of the 1941 and 1952 samples to El 
Nifio and El Aguaje is shown in Figure 14. 

The following hypothesis is advanced as 
an explanation of the data presented above in 
the hope that it will lead to more thorough 
and critical field and laboratory investigations 
to test its validity. 


S. tenuis 
@night 
x/ present 


Fic. 13. Distribution of Sagitta tenuis off Peru in 
1941 and 1952. Crosses with hatchure—present 1952, 
without hatchure—absent 1952. 
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Summer Fall 


Winter 


Moy | June |July | Aug.| Sept} Oct. | Nov. 


Dec. | Jan.| Feb. Mor. | Apr 


lunusual el 


usual el nifio 


1941 plankton 1952 plankton 
Average tows, May 6-9 tows, Aug. 3-23 
1944-5) 
= = S = = = 


Fic. 14. The relationship of the 1941 and 1952 plankton samples to the physical environment off Peru. The 
extent in time of El Nifio, El Aguaje, and upwelling are taken from Sverdup, Johnson, and Fleming, 1942. The 
average surface temperature in degrees centigrade and surface salinity in 0/00 are based on Coast and Geodetic 
Survey publications 280 and 281. The increase in temperature and concurrent decrease in salinity during the 


months of January through April are conspicuous. 


The August 1952 samples, indicating cool 
water conditions, are probably more repre- 
sentative of the usual conditions off Peru than 
are the May 1941 samples because the Peru 
coast is characterized by relatively cool water 
(Fig. 14). El Nifio was apparently above aver- 
age strength in 1941 as indicated by the heavy 
rainfall that year (Sverdrup et a/., 1946; Sears, 
1953). The chaetognath population in the 
surface water off Peru in May 1941 is thought 
to have been formed from individuals brought 
in from the west by El Aguaje and mixed 
with the remnants of a population brought 
down from the north by El Nifo earlier in 
the year. 


Sagitta pulchra, a common species in the 
Gulf of Panama, was not found in the 1941 
samples. This species might occur off Peru at 


the height of unusually strong penetration of 
water from the north. 
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Redescription of Teredicola typica C. B. Wilson 
(Crustacea: Copepoda) 


MILDRED STRATTON WILSON! 


SINCE 1942 Teredicola typica has been known 
to be associated with shipworms in the Ha- 
waiian Islands, but neither the genus nor 
species has been reported in literature from 
any other locality, or from any other host 
group. Dr. C. H. Edmondson of the Bernice 
P. Bishop Museum, who made the original 
collections of this interesting copepod, has 
stated in personal correspondence that he has 
inquired about the occurrence of copepods 
in shipworms around the world, but has not 
yet found anyone who has encountered this 
parasite. Recently, another copepod parasite 
has been discovered in Teredo petiti from “‘la- 
goons of western Africa” by Rancurel (1954). 
This copepod, for which a new genus Tere- 
dophilus has been proposed, does not seem on 
the basis of the description to bear any close 
relationship to Teredicola (see Discussion). 
The original description of Teredicola typica 
was made by Dr. Charles B. Wilson in a 
posthumous paper (1942) and was repeated 
without emendation in 1944. Records of oc- 
currence of the copepod in the Hawaiian 
Islands, and observations on its habits and 
early development are given in papers by 
Edmondson (1942, 1945). Some corrections 
and additions to the original description have 
been made by M. S. Wilson and IIlg (1955) 
in a paper outlining the history and interpreta- 
tions of the family Clausiidae to which Tere- 
dicola is referred. The purpose of the present 
paper is to place on record a revised and 
amplified description with illustrations of all 


1! Arctic Health Research Center, United States Pub- 
lic Health Service, Anchorage, Alaska. Manuscript 
received August 7, 1956. 
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the appendages, some of which were omitted 
or confused in the original description. 

The specimens examined were from collec- 
tions of Teredo milleri made in Honolulu har- 
bor, January 10, 1945, by Dr. C. H. Edmond- 
son. I wish to acknowledge Dr. Edmondson's 
cooperation in this study. 


Teredicola typica C. B. Wilson, new description 
Figs. 1-19 


Teredicola typica C. B. Wilson, 1942: 60, fig. 
1 a-h; 1944:539, pl. 31, figs. 172-179. 

Teredicola typica, Edmondson, 1942:145, fig. 
13; 1945:220, figs. 1-3. 

Teredicola typica, M. S. Wilson and IIlg, 1955: 
132. 


Length (of specimens examined), female, 
1.0-4.71 mm.,; male, 1.76-2.21 mm. 

FEMALE (Fig. 1). Metasome of four ex- 
panded segments; urosome of five posterior 
segments reduced in width to about one- 
third of that of last metasome segment. Meta- 
some segments usually swollen and fleshy, 
dorsally rounded, constricted laterally be- 
tween segments; integument thin to rela- 
tively heavy. Somite of leg 1 united with 
cephalic segment to form metasome segment 
1 (Fig. 2); shape of segment variable, ranging 
from that with sloped outer margin (Fig. 1) 
to that with distinct, rounded, distal expan- 
sions (Fig. 2). 

Urosome segment 1 of female (somite of 
leg 5) the shortest, marginally free or entirely 
recessed into last expanded segment of meta- 
some and not visible dorsally; no remnants 


. 
is 
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Fics. 1-4. Teredicola typica, female. 1, Habitus, dorsal. 2, Metasome segments 1-2, ventral, showing placement 
of cephalic appendages and legs 1-2 (same scale as male, Fig. 5). 3, Urosome, dorsal (including thoracic somite 


5). 4, Detail of attachment of ovisac. 


of leg 5 present. Integument of urosome rela- 
tively thin; usually the segments entirely ex- 
panded, leaving their broad intersegmental 
membranes clearly defined both ventrally and 
dorsally (this shown by wavy line in Fig. 3). 
Genital segment (urosome segment 2) the 
longest, proximal portion with slightly 
rounded lateral expansions. Genital openings 
dorso-lateral in position, reinforced by strong 
external sclerotized framework on dorsum 
(Fig. 3). Ovisacs attached to opening by long, 
expandable membrane so that the cylindrical 
sacs are held away from body in “‘fioating”’ 
position (Figs. 1 and 4). Sacs reaching beyond 
caudal rami, attaining length equal to that of 
metasome or more; with numerous, very small 
eggs (Fig. 4). 

Last urosome segment of female (anal seg- 
ment) longer than either of two preceding 
segments and subequal in length to caudal 


rami; proximal part widened. Rami more or 
less divergent, slender, length about 4 times 
greatest width; armed outwardly with short 
seta placed just below middle and terminally 
with four setae, the third from outside much 
stouter and longer than others, its length 
about 2.5 times that of ramus; small seta 
placed subapically on inner, dorsal margin. 

MALE (Fig. 5). Metasome not swollen as in 
female but with strongly integumented, later- 
ally expanded dorsal plates broadly curved 
under ventrally. Lateral expansions of first 
two segments prominent; those of segments 
3 and 4 rather abruptly contracted in width 
making the division between metasome and 
urosome less prominent than in female. Fore 
part of lateral margin of cephalic segment 
usually gradually and gracefully curved back- 
wards to distal, rounded expansion, but some- 
times the whole margin sloped, thus exhibit- 
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FiGs. 5-12. Teredicola typica. 5, Male, habitus, ventral (same scale as female, Fig. 2). 6, Male, leg 1 (same scale 
as Fig. 7). 7, Female, leg 1, with detail of spine. 8, Male, metasome segment 3, ventral, showing detail rudimentary 
leg 3. 9, Female, antennnle. 10, Male, maxilliped. 11, Female, leg 2. 12, Female, antenna. 
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ing a variability similar to that found in 
female. Intersegmental membranes of meta- 
some segment 4 and of urosome segments 
frequently expanded as in female. Urosome 
of six segments, width decreased only slightly 
from that of fourth metasome segment. Geni- 
tal segment ventrally with pair of external 
lappets with sclerotized edges, flaplike and 
protuberant on their distal and internal mar- 
gins. Anal segment elongated as in female. 
Caudal rami divergent, with setal armature as 
in female. 

Rostrum not prominent, nongeniculate, 
appressed to ventral face or partially pro- 
tuberant in either sex. 

Antennule (Fig. 9) closely similar in male 
and female; extremely short, not equaling 
more than one-fourth of length of cephalic 
segment; 5-segmented. Second segment much 
the longest. All segments bearing non- 
plumose, thinly integumented setae; mostly 
shorter or only little longer than width of 
segment in female, relatively longer in male. 
Longest seta apical, equal to about combined 
lengths of segments 3-5. A weakly developed, 
terminally placed aesthete on segments 4 and 
5. Relative length of segments and number 
of setae (s) and aesthetes (a): 


Segment 

Length 26 38 

Armature 3s 12s 2s 
a 


Antenna (Fig. 12) alike in sexes though 
relatively larger in male than in female, its 
four segments progressively shortened from 
base to apex. Apical segment reduced to 
about half of width of third segment and 
offset laterally, bearing terminally two stout, 
clawlike setae and two slender, flexible setae 
of which the outer is much the shorter. Third 
segment bearing stout, curved claw on free 
apical portion; at its base a hairlike seta and 
small, marginal, serrate process. 

Buccal mass outwardly protuberant from 
ventral face; labrum and its extensive frame- 
work forming anterior medial support, maxil- 
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lipeds and their medial framework (Fig. 19) 
giving posterior support. Labrum united lat- 
erally with the likewise protuberant mem- 
brane of ventral face and surrounding tissue 
mass; its free posterior edge with irregular, 
sometimes bifid spinous points (Fig. 13). 
Mandible (first free appendage) entirely cov- 
ered by labrum, set in a sclerotized frame- 
work, seemingly embedded in fold of the 
lateral protruding membrane of ventral face; 
with short, stemlike basal portion to whose 
slightly enlarged, somewhat conical end is 
attached ventrally a posteriorly directed “claw” 
with distal serrate edge, and two dorsally 
arising accessory pieces—one foliate in out- 
line, the other a stout, serrate seta (Figs. 14 
and 15). First maxilla larger than mandible, 
arising laterally beyond its base; attachment 
to lateral protuberant surface membrane 
clearly distinct (Fig. 16); mm situ appearing 
sinuous and elongate though actually some- 
what broadened dorso-ventrally; its margin 
faintly sclerotized (Fig. 18); bearing a single 
seta On inner posterior margin and a group of 
three apical setae. Just inside apices of first 
maxillae and immediately distad to midline of 
labrum, a pair of simple, hardly protuberant, 
unornamented lobes interpreted as parag- 
naths. These lobes partially covering anterior 
edge of distally extended structure inter- 
preted as extension of (or support of) labium 
(Fig. 19); its posterior edge supported by 
protrusion of anterior part of medial frame- 
work of maxillipeds (Fig. 19). 

Second maxilla with hugely expanded, 
membranous basal portion and simple ter- 
minal claw (Fig. 13). Maxilliped of female 
smaller but stouter in structure than maxilla, 
more or less divided into two segments, of 
which the second is the longer; armed apically 
with short, stout, curved claw. 

Oral area of male like that of female, except 
that maxillipeds (Figs. 5 and 10) more stoutly 
developed, ending in long curved claw reach- 
ing back to basal origin of appendage. 

Only two pairs of legs present in both 
sexes (legs 1, 2), much reduced in size (Figs. 
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Fics. 13-19. Teredicola typica, female. 13, Oral area in situ, diagrammatic. 14, Mandible apex, ventral. 15, 
Mandible apex, dorsal. 16, Schematic diagram, latero-ventral view, showing arrangement of labrum (dashed lines), 
mandible, first maxilla, and paragnath. 17, Mandible and basal framework overlying first maxilla, showing distor- 


tion due to cover glass pressure. 18, Same as 17, different view. 19, Second maxilla and maxillipeds with skeletal 
framework in situ, viewed from below. 


2 and 5), those of male comparatively and 


actually larger than those of female. Both 
segments of basipod and connecting piece 
well developed; segment 2 usually with slender 
outer seta, otherwise unarmed. Both rami 2- 
segmented, much reduced in size, their length 
less than basipod in female, about same in 
male. Spines modified; flat, with narrow, 
faintly serrate, hyaline membrane on margins; 
usually tipped with free minute point. Setae 
variously developed, tending to have enlarged 
bases, mostly longer than segment, non- 
plumose in female, sparsely so in male. Exo- 
pod segment 1 with single outer spine, endo- 
pod segment 1 unarmed. Number of spines 
on second segment of exopod and endopod 
of both pairs of legs alike in male and female 


and tending to be constant; varying a little 
in size, especially in female; those of male 
larger than those of female (Fig. 6). Number 
of setae of second segment variable, both 
from specimen to specimen and from left to 
right ramus of a pair (Table 1). 

No remnants of other legs in female. In 
male, a group of three setae present on 
slightly produced portion of widened ventral 
plate of third metasomal segment, interpret- 
able as rudiments of leg 3 (Fig. 8). 


VARIATION 
There does not appear to be any question 


that the different lots of specimens examined 
by C. B. Wilson and myself represent the same 
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TABLE 1 


SUMMARY OF SETATION OF SECOND SEGMENT OF LEGS FOUND IN TWELVE SPECIMENS OF Teredicola typica 
spine; s = 
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seta; number in parentheses represents that of opposite ramus; in two females the segment 
was previously broken off on one side, as indicated by blank space.) 


Exopod 2 


Exopod 2 


Endopod 2 Endopod 2 
4(4)sp 4(A4)s 1(1)sp 5(4)s 3(3)sp 5(5)s 2(2)sp 4(3)s 
4(4) 5(4) 1(1) 6(5) 3(3) 5(4) 2(2) 4(5) 
4(4) 5(6) 1(1) 6(5) 3( ) 5( ) 2(2) 5(5) 
4( ) 5( ) 1(1) 5(5) 3(3) 5(4) 2(2) 5(5) 
4(4) 2(3) 1(1) 4(5) 3(3) 4(4) 2(2) 4(5) 
4(3) 3(5) 1(1) 5(5) 3(3) 3(4) 2(1) 4(5) 
4(4) 5(5) 1(1) 6(6) 3(3) 4(5) 2(2) 5(5) 
” ey 4(4) 5(5) 1(1) 5(6) 3(3) 6(5) 2(2) 4(5) 
4(4) 5(5) 1(1) 6(6) 3(3) 6(6) 2(2) 5(5) 
4(4) 5(5) 1(1) 6(6) 3(3) 5(5) 2(2) 5(5) 
4(4) 4(6) 1(1) 6(7) 3(3) 5(5) 2(2) 5(5) 
4(4) 5(5) 1(1) 6(7) 3(3) 4(5) 2(2) 5(5) 


species. The differences between the two de- 
scriptions are not due to variation, but to 
omissions Or Misinterpretations in the original 
description. Most of these can be easily re- 
conciled with or explained by comparison of 
the statements and illustrations in Wilson's 
description, or with the specimens used in 
this study. 

Teredicola typica clearly shows in both sexes 
the same recognizable number of body seg- 
ments most commonly found in both free- 
living and parasitic cyclopoid copepods— 
that is, nine segments in the female and ten 
in the male. As is shown both by Wilson's 
illustration and those given here, the tumid 
condition of the anterior part of the female’s 
body does not obliterate the number of seg- 
ments included in the metasome in either 
dorsal or ventral view. The lateral expansions 
are constricted between the segments whether 
the specimen is newly molted or older, ex- 
panded or contracted. The somite of leg 1 is 
thoroughly united with the cephalic segment 
as indicated in ventral view (Fig. 2), and the 
three succeeding expansions are obviously in- 
terpretable as the somites of legs 2-4, or 
thoracic segments 2—4. The fourth thoracic 
segment cannot be the first reduced segment 


| 


as given in the original generic diagnosis. 
Whether any real suture lines are ever present 
between the expanded segments is difficult 
to decide with certainty from preserved ma- 
terial. In well expanded specimens, an inter- 
segmental membrane was prominent (Fig. 2), 
and no definable lines of separation were no- 
ticed. In less expanded specimens, complete 
or incomplete lines were observed, of which 
some at least were “‘fold’’ lines of the mem- 
brane. Thus, although highly modified, the 
metasome of Teredicola typica does conform 
in the female to the “standard”’ segmentation 
of other cyclopoids and exhibits external evi- 
dence of this. 

There are five reduced posterior segments 
(urosome) in the female, rather than six as 
shown by Wilson. It follows from the division 
of the metasome that the first of these is the 
somite of the absent fifth leg (fifth thoracic 
segment). The second reduced segment is the 
genital segment, as is clear from the attach- 
ment of the ovisacs, which are shown by 
Wilson attached to an additional segment 
posterior to the second segment, an error 
corrected in an illustration by Edmondson 
(1945). The extra segment of the urosome 
shown in this position by both Wilson and 
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Edmondson can be accounted for by their 
inclusion of the intersegmental membrane of 
the genital segment, which is very broad in 
fully expanded specimens. The integument 
of the urosome is relatively thin and in the 
whole lot of preserved specimens that I have 
examined there was a dominant tendency for 
prominent expansion of all the segments as 
shown in Figure 3. There is no striking differ- 
entiation between the segmental margin and 
its membrane and the number of true seg- 
ments could easily be misinterpreted. 

In the lot of specimens examined, only one 
was found in which the segments of the uro- 
some were fully contracted. Between this con- 
dition and the fully expanded specimens, 
intermediates were found. True length meas- 
urements of individual specimens are there- 
fore difficult to achieve. There is, however, 
no doubt that there are considerable real as 
well as superficial differences in total length 
between specimens. From my observation, 
the range of length measurements given in the 
literature is reasonably accurate (female, from 
about 4.0—5.0 mm., male, 1.75—2.35 mm.). 

Because of the variation found in the shape 
of the cephalic segment in both sexes, ex- 
amples of the extremes of these conditions 
were particularly examined in detail for possi- 
ble correlated differences in both body and 
appendages, but none were found. 

The caudal rami exhibit many degrees of 
divergence in both sexes and it seems evident 
that this divergence results from an extremely 
flexible attachment rather than from any real 
individual or sexual variability. No sexual 
dimorphism was found in the number or rela- 
tive size of the caudal setae, although as 
happens in all copepods, they were at times 
broken. Most of them are very slender and 
can be observed accurately only at high mag- 
nification. 

No variation was found in the segmentation 
of the antennule. Both Wilson's figures and 
his statement that the basal segment is non- 
setiferous, points to his inclusion of the sur- 
face eminence to which the antennule is 
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attached, giving six rather than five segments. 
When his illustrations are interpreted as 5- 
segmented antennules, the relative lengths of 
the segments correspond closely to those 
given here, the second segment being much 
the longest. 


Wilson neither figured nor described the 
actual antenna. In the text, it is mentioned 
only in the generic diagnosis of the male, in 
which it is described as ‘‘2-segmented, pre- 
hensile.”” His figure labeled “second antenna 
of female’ is obviously either the second 
maxilla or the maxilliped of the female, prob- 
ably the latter. No other cephalic appendages 
were described. 

It is impossible to accept as a variation or 
to explain Wilson’s observation that two 
outer setae (or short spines) are present on the 
first exopod segments of the legs, instead of 
the one spine observed in all my dissections. 
In the Copepoda, two spines have been found 
on this segment only in the Platycopiidae, 
a family far removed from these cyclopoid 
parasites. It is difficult to accept this even as 
an anomaly, nor is there present any cuticular 
spinous production of the segment itself to 
allow for misinterpretation. Otherwise, Wil- 
son's figures agree fairly well with the legs 
examined in this study, though neither the 
asymmetry nor the variation in the number 
of setae was noted. 

The number of spines on the second exo- 
pod and endopod segments of the legs ap- 
pears to follow a pattern, but even this may 
be disturbed as shown by the female specimen 
in which one exopod of leg 1 and one endo- 
pod of leg 2 had the usual spinal number 
reduced (Table 1). Asymmetry of setation was 
the rule in the females dissected, no individual 
being found with right and left rami alike in 
both legs. Though two males had both pairs 
symmetrical, the two specimens did not com- 
pletely agree with one another. It is evident 
from these observations that the setal formula 
can be used for specific differentiation in this 
genus only upon examination of several 
specimens. 
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INTERPRETATION OF ORAL AREA 


The highly modified and usually compact 
oral areas of poecilostome cyclopoids present 
particularly difficult problems in both the 
technical and graphical aspects of their study. 
Doubtless this has contributed to the differing 
interpretations of their anatomical features 
and the omission from many descriptions of 
all or part of the appendages. The viewpoint 
has already been expressed that “no species 
or genus should be proposed without tho- 
rough delineation of all the appendages” (M. 
S. Wilson and Illg, 1955). It is, of course, 
obvious that neither a taxonomy adequate for 
identification and differentiation of species, 
nor one that will contribute to classificatory 
knowledge, can result from neglect of some 
parts Or mere Cursory examination of others. 


The illustrations presented here for Tere- 
dicola typica are diagrammatic and their under- 
standing may be helped by further elucidation 
of some points. As noted in the description, 
the buccal mass is protuberant. It is supported 
anteriorly by the labrum and its framework 
and posteriorly by the maxillipeds and their 
framework (Fig. 19). An apparently newly 
molted specimen, relatively nonfleshy and 
with thin body membranes, was used for 
Figure 13. It is a camera lucida drawing from 
an in toto preparation, slightly flattened by 
cover glass pressure, and viewed ventrally 
with the compound microscope. Its illustra- 
tion cannot be other than diagrammatic, since 
the original is of necessity distorted, but such 
a view does establish the continuing relation- 
ship of the parts, which is impossible to show 
otherwise. 


The labrum is strongly united with the 
likewise laterally protuberant surface mem- 
branes, though a lightly sclerotized line ap- 
pears to define its actual lateral boundaries 
(shown by dashed lines in Fig. 13). The ven- 
tral posterior edge is free and protuberant. 


The mandible is entirely hidden in an in 
toto view, both because of its small size and 
its location below the labrum. It seems to be 
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somewhat separated from the other appen- 
dages by a slight fold of the laterally protu- 
berant membrane. As verified from dissection, 
the base arises from a shallow framework of 
anastomosed, sclerotized strands, from which 
it was usually automatically separated during 
the manipulation of dissection. Because of the 
extreme reduction in size of the whole ap- 
pendage, the apical pieces of the right and 
left mandibles possibly may not meet one 
another in midline, but this was not exactly 
determined. They do, however, reach at least 
to the free posterior edge of the labrum, 
below which the oral opening is presumably 
situated. Figure 16 shows schematically the 
relationship of the mandible, maxilla, and 
paragnaths to the labrum. The exact place- 
ment of the appendages and other structures 
may perhaps be more easily determined from 
early copepodid stages in which the buccal 
mass is probably not so fleshy and protu- 
berant. 

In situ, the first maxilla is elongate and 
appears to lie along the top of the inflated 
basal part of the second maxilla (Fig. 13). 
In actuality, its medial portion is slightly ex- 
panded dorso-ventrally, and lies close to the 
likewise expanded top portion of the second 
maxilla. In dissection, the two maxillae were 
frequently separated together, entirely free 
from the mandible. 

Since the relationship of the two anterior 
appendages in poecilostome cyclopoids has 
been much disputed in literature, some com- 
ments on their relationship and structure in 
Teredicola are appropriate here. The stemlike 
portion of the mandible appears to be at- 
tached to its skeletal framework near the apex 
of the first maxilla. When the whole buccal 
mass or separated anterior portions of it were 
observed and manipulated under the stereo- 
scopic microscope in lateral view and from 
above, it was clear that the mandible is more 
deeply embedded (that is, more dorsally situ- 
ated) than any part of the maxilla. This is a 
normal and expected condition when the pro- 
tuberant nature of the whole mass is con- 
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sidered. When the two appendages were 
dissected together with their surrounding tis- 
sue mass and viewed laterally, the more dorsal 
origin of the mandible and the separate in- 
sertions of the two appendages were clearly 
apparent. 

Preparations of some of these dissections 
made for study of detail under high power 
objectives are particularly instructive as ex- 
amples of distortion due to cover glass pres- 
sure. Figures 17 and 18 are diagrams of two 
examples of such mounts. In each the anterior 
appendage (mandible) and a portion of the 
framework from which it arises, partly overlies 
or underlies the posterior appendage (first 
maxilla) and appears to be attached to the 
latter. The study and illustration of prepared 
mounts such as these, in which the two ap- 
pendages lie in a wholly unnatural relation- 
ship, have probably been responsible for or 
have at least contributed to the continuing 
argument as to whether or not Sars (1918) 
was Correct in interpreting these two appen- 
dages as the maxilla and its attached palp. 
In this instance, however, if there were a real 
attachment between these two appendages, 
the condition in Teredicola would represent a 
reversal of the Sarsian interpretation inasmuch 
as the smaller anterior appendage (the maxilla 
of Sars) would be attached to the larger pos- 
terior appendage (the palp of Sars). The re- 
duced anterior appendage of Teredicola cor- 
responds structurally to the main body of the 
maxilla of Sars by virtue of its modified apical 
armature. The larger posterior portion cor- 
responds in its simple setal armature to the 
so-called palp of other poecilostomes. Quite 
obviously, if the condition shown in Figure 
17 were realistic, it would negate the argu- 
ment that the first free appendage must be 
called a maxilla because its armature resembles 
portions of that found in some other copepods. 

It may be useful to other workers to include 
here some personal remarks about the require- 
ments and techniques of study of the oral 
area of poecilostomes. It seems to me that, 
in addition to knowing the details of isolated 
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appendages, it is instructive to know their 
relationship to one another im situ, and to the 
other structures and the framework of the 
mass. At least schematic drawings of the 
whole oral area should be included in de- 
scriptions of new or little known genera. In 
species in which the cephalic segment is 
tumid, as it is in Teredicola typica, it is neces- 
sary to remove the buccal mass én foto from 
the ventral face, not only for its own study, 
but for dissection of appendages. Attention 
is drawn here to the micro-shears designed 
by C. S. Wilson (1953), because they greatly 
facilitate work with such fleshy masses. 


In poecilostomes with extremely compact, 
fleshy, or protuberant masses and highly 
modified appendages, I have found it essen- 
tial for personal understanding of the rela- 
tionships of the appendages to the buccal 
mass and to one another to study unmounted 
materia! and to alternate the study between 
the stereoscopic and compound microscopes. 
Although it is not possible to secure high 
enough magnification for study of detail with 
the stereoscopic microscope, it does give the 
third dimensional, natural depth that is lack- 
ing in views under the compound, and con- 
tributes greatly to interpretation. 


SYSTEMATIC POSITION 


Teredicola has been referred to the family 
Clausiidae (M. S. Wilson and Illg, 1955) in 
a revised and restricted definition limiting the 
family to the genera Clausia, Seridigm, Mesni- 
lia, Teredicola, and the inadequately known 
Rhodinicola. The close relationship of this 
family to the Clausidiidae is pointed out, and 
the intermediate condition of the apical arma- 
ture of the mandible of Teredicola used to 
suggest that further study may lead to a 
merging of the two families or establishment 
of an inclusive, higher category. 


It is not necessary to discuss the classifica- 
tion further since the matter has been dealt 
with in the previous paper. In assigning other 
species to Teredicola, it will probably be found 
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that the fundamental characters as outlined 
for the family are likewise of basic value on 
the generic level. Congeners of Teredicola 
typica may be expected to exhibit the follow- 
ing characters: 

1. A close similarity of the antenna and api- 
cal pieces of the mandible to those of fypica. 

2. Both maxillae simple in structure. 

3. Maxilliped present in both sexes; di- 
morphic. 

4. Paragnaths rudimentary or well devel- 
oped. 

5. Legs reduced in size, 1-4 pairs present. 

6. Leg 5 probably absent; if present un- 
likely to be more than rudimentary. 

7. Body shape variable, segmentation of 
metasome distinct or not in female; sexual 
dimorphism probably conspicuous. 

Because of the interest of their occurrence 
in the same host group, mention should be 
made here of the new genus Teredophilus pro- 
posed by Rancurel (1954). In comparing this 
genus with others, Rancurel has followed a 
common misconception that relationships can 
be determined by purely specific characters 
such as size, habitus, segmentation of the 
antennules, and the number of legs. The 
genus is compared only with genera such as 
Teredicola which have been impossible to place 
accurately in families, or in some cases even 
to recognize, because the oral appendages have 
been omitted or only partially elucidated in 
their descriptions. The conclusion that Tere- 
dophilus is most closely related to Ischnurella 
has no real foundation when based upon the 
scanty description given by Pelseneer (1929). 

On the basis of present knowledge, it does 
not seem possible to place Teredophilus sys- 
tematically. It shows certain relationship with 
the ergasilids in the simple but stoutly pre- 
hensile antenna and in the shape and armature 
(reduction of spines) of legs 1-4. But in spite 
of the drawings and description given, I find 
it difficult to interpret satisfactorily the oral 
area and appendages, so that these suggested 
ergasilid characters may be very misleading. 
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The copepod is very small (0.70 mm.) and 
undoubtedly the oral area is exceedingly dif- 
ficult to study. Rancurel himself gives the 
impression that his description of this area 
is incomplete, even as regards the number of 
appendages, one (or some) of which he refers 
to in general terms as ‘“‘machoires.” It is 
therefore necessary that the oral area be pre- 
sented again in literature with more certain 
delineation and against a background concept 
of the significance of the anterior appendages 
in both generic diagnosis and classification. 
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Micronesian Reef-associated Gastropods 


JOAN DEMOND' 


THIS REPORT is a synopsis of existing 
knowledge of the ecology and zoogeography 
of Micronesian reef-associated gastropods. It 
summarizes for each species the environmental 
conditions in which living specimens have 
been found, and it outlines the recent geo- 
graphic occurrence of each species through- 
out the entire Indo-Pacific region (see Plate 4). 
Brief descriptions of the shells, with illustra- 
tions of some of them and reference to pub- 
lished figures for all of them, are also included. 
The report is intended both as an aid to re- 
search by others and as a guide for future 
collectors. It is based mainly on the notes and 
collections of field parties whose work in 
Micronesia since 1945 has increased both the 
data and the demand for such a summary. 

The fact that a similar study has not been 
made before reflects, perhaps, the paucity of 
ecologic data in previous collections. Indeed, 
the extensive Indo-Pacific mollusk collection 
in the U. S. National Museum, which so sub- 
stantially supplemented the zoogeographic 
and systematic parts of this paper, is almost 
devoid of ecologic records for specimens col- 
lected earlier than about 1945. 

The information summarized here is surely 
not the complete or final story for the gastro- 
pods. Originally it was hoped to include the 
pelecypods as well, and, in addition, to at- 
tempt a more comprehensive general analysis 
of the whole group; but time did not permit 
such a complete study, and it is hoped that 
these aspects of the gastropods will be cov- 
ered in later publications. 


' Research Associate, Department of Geology, Uni- 
versity of California at Los Angeles, Los Angeles, 
California. Manuscript received January 31, 1956. 


SOURCES OF DATA 


The ecologic data on which this study is 
based are taken from eight collections of 
mollusks made in Micronesia since 1944, 
comprising about 12,000 lots and over 200,000 
specimens. The collections are from Onotoa 
Atoll in the Gilbert Islands, from Saipan in 
the Mariana Islands, from Yap and Ifaluk in 
the West Caroline Islands, and from Bikini, 
Eniwetok, Rongerik, Rongelap, Arno, and 
Majuro atolls in the Marshall Islands. All of 
these islands lie within the geographic area 
of Micronesia, as outlined in Plate 4. De- 
tails regarding principal collectors, sponsor- 
ing organizations, size of collections, and 
dates of field studies are given in Table 1. 
These collections have been added to those 
in the U. S. National Museum. 

Geographic distribution data, shell meas- 
urements and descriptions, and estimates of 
relative abundance are based on the entire 
Indo-Pacific collection in the U. S. National 
Museum. 

Supplementary information, zoogeo- 
graphic, systematic, and ecologic, has been 
obtained from published records and from 
personal communications. For the ecologic 
summaries, unless otherwise specified, only 
data referring to specimens taken alive or 
obviously recently dead were accepted, in 
order to be reasonably sure that the species 
actually lived in the environment described 
for them. 
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GENERAL CONCLUSIONS AND SUGGESTIONS 
FOR FUTURE WORK 


This report reveals how little is known of 
the habits of these mollusks. We can hardly 
begin to understand them without much more 
extensive field and laboratory studies on such 
problems as optimum environmental require- 
ments, nutrition, feeding methods, reproduc- 
tion, egg laying, larval development, growth 
rates, and anatomy. However, any collector, 
by keeping accurate detailed notes, can help 
to answer many questions. The following 
outline of suitable observations, which could 
be expanded almost endlessly, is suggested: 
Condition of specimen 

Alive 

Recently dead 

Beachworn 
Habitat 

Oceanward 

Seaward reef flat 
Seaward reef edge 
Surge channel 
Offshore ocean water (depth) 
Other 

Lagoonward 

Lagoon reef flat 
Lagoon shelf (depth) 
Lagoon slope (depth) 
Lagoon floor (depth) 
Lagoon reef patch 
Other 

Substrate 

Inorganic 

Sand 
Mud 
Rocks 
Other 

Organic (living or dead?) 

Coral (species?—collect for identifica- 


tion) 

Soft coral (species?—collect for identifi- 
cation) 

Seaweed (species?—collect for identifica- 
tion) 


Mollusks (species?—collection for iden- 
tification) 


Mangrove roots 
Other 
Relation to substrate 
Buried (depth) 
Attached (method) 
Living in crevices, crannies, potholes, tide- 
pools 
Burrowed (e.g., in coral) 
Other 
Relation to tide 
Intertidal 
Above high tide line (distance) 
Below low tide line (depth) 


Type of water 
Active breaking surf 
Surging water 
Calm, protected water 
Other 
Living habits observed 
Solitary or gregarious 
Nocturnal or diurnal 
Method of feeding 
Food (algae, detritus, other organisms— 
preserve for identification) 
Method of locomotion 
Associations with other organisms (if any— 
preserve for identification) 
Apparent relationships 
Parasitism 
Cornmmensalism 
Accidental 
Reproduction 
Breeding habits 
Egg-laying procedure 
Egg protection or brooding habit (e.g., 
egg case of Natica or brooding habit 
of Quoyula) 
Enemies observed 
Fish 
Birds 
Mammals 
Invertebrates (e.g., starfish, other mollusks) 
The living mollusk 
Appearance, particularly color which fades 
with preservation 
Collect soft parts for anatomical study 
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During the present study it was realized 
that a single collection by a single worker is 
likely to give a misleadingly circumscribed 
picture of a fauna, owing to individual meth- 
ods and interests. For instance, one person 
may collect mainly along the shore while 
another collects principally by diving off- 
shore. It is believed that the present approach, 
that of compiling information from several 
collecting methods and viewpoints, is a better 
one. Since these collections include species 
from many ecologic zones, a summary of the 
data of their several collectors presents a more 
realistic view of Micronesian gastropod eco- 
logy than would be likely to result from the 
notes or efforts of a single collector. 


In drawing up the geographic ranges, it 
became obvious that there are several faunal 
breaks in the Indo-Pacific region. Time was 
not available for analysis of these divisions 
but the basic data are included in the hope 
that other investigators may take it up. Par- 
ticularly apparent, however, was the fact that 
although many species range widely from east 
to west, almost none of the species occurred 
farther north than southern Honshu Province, 
Japan, or farther south than northern Aus- 
tralia. Breaks recognized are almost certainly 
related to temperature patterns and ocean 
currents. 


It was observed that many species whose 
geographic distribution is extremely wide are 
recorded as having pelagic larval stages (for 
instance many of the Cypraeidae and Cyma- 
tiidae, e.g., Cypraea isabella and Cymatium 
chlorostomum). It would be of great interest to 
learn the length of these free-swimming larval 
stages. Again, it was intended to draw up 
patterns of zoogeographic distribution and 
to correlate them with what is known of 
larval types, but here, too, lack of time pre- 
cluded such analysis. 


Throughout the study, the occurrence of 
each species around atolls, high islands, and 
continental shores was noted. The results for 
a few species (e.g., Trochus maculatus, Nerita 
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undata, Monodonta labio) imply that these spe- 
cies live only on a muddy substrate such as 
that found adjacent to high, volcanic islands 
and continental shores, and that they are not 
found on the limesand substrate of atolls (or 
similar parts of other shallow tropic seas). 
The fact that most species are recorded equally 
from atolls, high islands, and along conti- 
nental shores suggests that most of the col- 
lections studied are taken from reefs or 
reef-associated limesands and not from sites 
strongly influenced by volcanic or terrestrial 
sedimentation. 


SYSTEMATIC ANALYSES 
Procedures 


Only gastropods in the recent Micronesian 
collections mentioned are considered in this 
study. They number 175 species, grouped in 
53 genera, and representing 25 families. Be- 
cause of collecting areas and methods, they 
are almost exclusively shallow-water forms, 
which live on or in close association with 
reefs. The summary provided for each species 
includes the name apparently regarded as 
most acceptable by practicing specialists, ref- 
erence to a convenient published illustration 
or a drawing made especially for the present 
work, a brief description of the shell, its 
ecology as presently understood, its geo- 
graphic range in the Indo-Pacific, and its 
abundance in Micronesia. 


Taxonomic Arrangement 


The brief descriptive notes are intended 
purely as a field aid to species recognition and 
not as definitive descriptions or revisions. 
This is not a taxonomic paper. In general, 
the systematic arrangement of families and 
genera is according to Thiele (1929 and 1931). 
Species are listed alphabetically under each 
genus. For species which have commonly 
been recognized by several names, their well- 
known synonyms are listed parenthetically. 
The Mitridae are arranged after Dautzenberg 
(1935), and the Cypraeidae, for the most part, 
after Schilder (1938). In some instances, where 
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previous authors have subdivided families 
into many genera which have not gained com- 
plete acceptance, those genera are used here 
as subgenera. For instance, in the Cypraeidae 
the generic name Cypraea is used throughout, 
whereas the generic names of Schilder (1938) 
are included as subgenera. In other groups, 
such as the Conidae and Terebridae, sub- 
generic names are excluded entirely. 


Shell Illustration and Description 

As far as possible, reference to a good illus- 
tration of each species is provided. Such ref- 
erences are to readily available texts, most 
frequently to A Handbook of Illustrated Shells 
by Hirase and Taki (1951), Pacific Sea Shells 
by Tinker (1952), A Field Guide to Shells of the 
Pacific Coast and Hawaii by Morris (1952), 
and to Coloured Illustrations of the Shells of Japan 
by Kira (1955). In a few instances reference 
is made to ‘Shells Take You over World 
Horizons,”’ an article by Platt in the National 
Geographic Magazine (July, 1949). 

When an accurate illustration is not avail- 
able in a convenient reference, pen and ink 
drawings prepared by Carolyn Bartlett of the 
U. S. Geological Survey are furnished. Forty- 
two species are thus illustrated with original 
drawings; most of these species appear to 
have been rarely collected although some of 
them are common or even very common in 
Micronesia. In these original drawings, the 
scale marks beside the figures represent one 
centimeter. 

These illustration references and original 
pen and ink drawings are supplemented by 
brief descriptions of the shells. For each spe- 
cies, a characteristic shell length is given. In 
most instances, shell color is noted, particu- 
larly if the illustration is in black and white. 
Obvious sculptural features are also men- 
tioned. For species which are commonly con- 
fused with other species, distinguishing char- 
acteristics are noted. 


Ecologic Summaries 


The ecology of each species is compiled 
from data accompanying the eight Microne- 
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sian collections previously mentioned. In in- 
stances where these collections contain only 
one or two specimens of a species, the specific 
collecting data are presented with no attempt 
at generalization. Unless otherwise qualified, 
only data referring to specimens taken alive 
were used. Where observations by collectors 
are given, e.g., ‘Bayer reports,’’ with no cita- 
tion of a publication, the information was 
obtained by personal communication. For 
some species, additional remarks from the 
U. S. National Museum collections and from 
published accounts for other Indo-Pacific 
areas are included. Mention is made of asso- 
ciations with other mollusks or other inver- 
tebrates, whenever such associations have 
been reliably reported. 


Reef Terminology 


In the ecologic notes, an attempt is made 
to describe reef environments in terms that 
are self-explanatory and comprehensible to 
the lay reader as well as to the trained scien- 
tist. The aim is to avoid terms that are too 
specific to apply to reefs in general, since 
detailed reef characteristics vary from island 
to island. By and large, the terminology out- 
lined by Tracey, Emery, and Cloud (1955) 
comes the nearest to that followed here; and 
for the reader's convenience, their figure 1 is 
reproduced here, with a few emendations, as 
Plate 3. 


In these discussions, a Seaward Reef Flat 
(Tracey, et a/. Reef Flat) is the upper surface 
of an ocean-facing reef. It is also called here 
an Ocean Reef Flat. A Seaward Reef Flat is 
generally broad and well-developed. Its shore- 
ward area (Tracey, et a/. Inner Reef Flat) is 
usually intertidal and thus is exposed at low 
tide, commonly with rocks left standing in 
residual pools; it is covered by a few feet of 
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water at high tide. Species living in this zone 
are adapted to periodic exposure or live in 
tide pools where they are always in water. Be- 
cause of its variety of habitats, this intertidal 
part of the Seaward Reef Flat is well populated 
by many species representing several different 
families. 

The seaward part of the Ocean Reef Flat 
(Tracey, et al. Outer Reef Flat) is the area 
immediately shoreward of the Reef Edge. It 
is ordinarily a zone of circulating water but 
not of heavily breaking surf; it is typically 
below low tide line and thus is covered by a 
few inches to a few feet of water at low tide. 
Species living in this zone are usually never 
exposed, even at low-low tide. This part of 
the reef flat is also well populated. 


The Seaward Beach is at the shoreward-most 
edge of the Seaward Reef Flat. It is characteris- 
tically above high tide line. Species which 
live on or near the Seaward Beach (e.g., Lit- 
torina spp.) are able to survive long periods 
of exposure to the air. Few species are so 
adapted; consequently the Seaward Beach is 
sparsely populated. However, empty shells of 
species living in other areas may be found 
here. 

The Reef Edge (Tracey, et al. Seaward Reef 
Margin) is the seaward margin of the Seaward 
Reef Flat. It is intertidal and thus is dry, except 
for spray, at low tide. The Reef Edge is exposed 
to a heavy surf. Consequently, species living 
in this habitat must be adapted to withstand 
the shock of violent wave action. Gastropods 
living on the Reef Edge commonly have a 
strong muscular foot with which they cling 
to their precarious homesite (e.g., Patella 
stellaeformis, Trochus maculatus). Other workers 
have called the Reef Edge a reef crest, coralline 
ridge, algal ridge, and Lithothamnion ridge. 
Elongate surge channels or shallow passes 
indent the Reef Edge. 


PLATE 1. Truncated and flourishing seaward reef flats. Above: Rock surface with patchy thin algal veneer backed 
at right by beach of alternating loose sand (light) and pitted coral-algal limestone (dark). Embayed windward 
reef edge and algal ridge at left curves around in distance, Onotoa Atoll, Gilbert Islands. Photograph by P. E. 
Cloud, Jr. Below: Flourishing coral growth at surface of leeward ocean reef without algal ridge, Bikini Atoll, 


Marshall Islands. Photograph by J. I. Tracey, Jr. 
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The Reef Front is the shoreward face of a 
seaward reef, extending from the Reef Edge to 
depths of + 60 feet, the approximate dwindle 
point of flourishing coral growth. This habi- 
tat is ordinarily one of abundant living coral 
and other reef-building organisms. The shore- 
ward part of the Reef Front is characterized by 
turbulent water, particularly on a windward 
reef. 

The Outer Slope is the steeply descending 
seaward face of a seaward reef, extending from 
+ 60 feet (the depth of marked dwindling 
of abundant living coral and coralline algae) 
to the deepest seaward portion of the reef. 
It is a habitat of few or no reef-building 
organisms, except at the transitional depth of 
approximately 60 feet. These deeper zones, 
the Reef Front and Reef Slope, are seldom men- 
tioned in this report, since, because of col- 
lecting methods, most of the gastropods 
treated here live intertidally or in relatively 
shallow water. 

A Lagoon Reef Flat borders the lagoon side 
of an island. It includes the intertidal zone 
and depths of a few feet below low tide line. 
It is generally a poorly developed, narrow 
reef, characterized by quiet water and sparse 
coral growth—quite a different environment 
from a Seaward Reef Flat. However, windward 
Lagoon Reef Flats of broad atolls, such as 
Bikini and Eniwetok, commonly exhibit fea- 
tures similar to those of a Seaward Reef Flat, 
because the long fetch of these lagoons allows 
the development of surf along the windward 
shore. Consequently species which typically 
inhabit Seaward Reef Flats are occasionally 
found living on these well-developed Lagoon 
Reef Flats (e.g., Drupa morum, Drupa ricinus). 

Quite often there is no reef on the lagoon 
shore. Instead there is a Lagoon Shelf. A Lagoon 
Shelf is a gently sloping lagoon shore, includ- 
ing the intertidal zone and depths of a few 
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feet, and sometimes extending as deep as 20 
feet into the lagoon. The Lagoon Shelf is 
predominately covered with sand or detrital 
matter rather than by reef-building organ- 
isms. Often growing on this sandy shelf, and 
offering protection to animals, are seaweeds 
or small reefs. Gastropods which live on the 
Lagoon Shelf commonly burrow into the sand 
among eelgrass roots or at the base of small 
reefs (e.g., Terebra spp.). 

A Lagoon Reef Edge (Tracey, et al. Lagoon 
Reef Margin) is the lagoonward margin of a 
Lagoon Reef Flat. In some places the Lagoon 
Reef Edge is entirely absent. In others, it is 
ill-defined. In still others, such as the broad 
atolls of Bikini and Eniwetok, it is well 
developed and exhibits characteristics com- 
parable to a Seaward Reef Edge. 

A Lagoon Slope is a steeply sloping lagoon 
border extending from the lower or lagoon- 
ward edge of the Lagoon Shelf or Lagoon Reef 
Flat to the Lagoon Floor. The Lagoon Floor is 
the more or less level bottom of a lagoon. 


Subsidiary reefs and minor organic promi- 
nences which grow up from lagoon shelves, 
slopes, and floors are variously shaped as 
mounds, platforms, knolls, or pinnacles. 
Many are flat-topped. Names that have been 
used for such features are patch reefs, reef 
knolls, and coral knolls. In the present report, 
because of divergence in collecting notes, 
these structures are all referred to simply as 
Small Lagoon Reefs. 


Zoogeographic Distribution 


An outline of the geographic occurrence 
of each species is given. Such distributional 
patterns have never previously been assem- 
bled for the Indo-Pacific mollusks. Perhaps 
they will provide a point of departure for 


future work in zoogeography. 


PLATE 2. Protected seaward reef margin and reef front pinnacle, Ine, Arno Atoll, Marshall Islands. Photographs 
by P. E. Cloud, Jr. Above: Close view at low tide of irregualr edge of seaward reef margin, showing abrupt drop 
to depths at right. Brown, rose, and golden Pocillopora elegans (Dana) and gold, tan, and pink Acropora humilis 
(Dana) dominate the scene. Below: Underwater view of small pinnacle along and joined to the reef front a few 
feet below the surface. Pocillopora, Acropora, and (at the top) the hydrozoan Millepora tenera Boschma are prominent. 
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These geographic ranges are based primarily 
upon an exhaustive examination of the entire 
Indo-Pacific collection in the U. S. National 
Museum. In the interest of accuracy, only 
records by collectors known to be reliable 
are included. If a range is represented solely 
by specimens in the Museum, this fact is 
indicated by a phrase such as “U. S. N. M. 
collections are from.” If the Museum collec- 
tions contain but a few specimens of a given 
species, the specific localities are enumerated. 

In order to expand the distributional pat- 
terns for many species, dependable published 
sources were consulted. Unless otherwise 
specified, the Australian records are based 
upon Allan (1950), Hawaiian records upon 
Tinker (1952), records from the Philippines 
upon Faustino (1928), from “southern Japan”’ 
(this term refers to Kyushu Province) and the 
Ryukyu Islands upon Kuroda and Habe 
(1952). Formosan records were taken from 
Kuroda (1941), and records for East Africa, 
the Seychelles, and Madagascar are from von 
Martens (1880). Particularly useful in com- 
pleting the ranges of the Terebridae, Mitridae, 
and Conidae were the publications of Daut- 
zenberg (1935, 1937). Where the nomencla- 
ture of a species is in doubt, only National 
Museum records are cited, with no reference 
to published reports. 

Each species is described as “common,” 
“fairly common,” or “uncommon” in Micro- 
nesia, based upon the frequency of its occur- 
rence in the National Museum collections. 
These terms lack precision but give some in- 
dication of relative abundance. 


DISCUSSIONS OF THE SPECIES 
Family PATELLIDAE—Limpets 


Genus PATELLA Linné, 1758 


Patella stellaeformis Reeve, 1842. 
Hirase and Taki (1951) pl. 57, fig. 2. 


Characteristically 1 to 1.25 inches long and 
bright yellow within. 
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P. stellaeformis typically is found attached 
to exposed rocks of intertidal reef flats, fre- 
quently nestled in rock crevices. It is found 
most commonly on seaward reefs along, or 
just shoreward of, the reef edge, but occasion- 
ally it occurs near the edge of lagoon reef 
flats. Adaptations to its precarious environ- 
ment are its muscular foot, with which it 
clings to the rocks, and its streamlined shell, 
which offers little resistance to the breaking 
waves. Ordinarily its shell is camouflaged by 
an overgrowth of coralline algae, vermetids, 
and other encrustations so that it blends with 
its similarly encrusted rocky substrate. Like 
most limpets, P. stellaeformis is herbivorous, 
and uses its radula to scrape algae from the 
rock surfaces. 

GEOGRAPHIC RANGE: USNM collections 
are from southern Japan, and from the Mari- 
ana, Marshall, Gilbert, Caroline, Loyalty, Sa- 
moan, Cook, Society, and Tuamotu islands. 
Reported from Formosa and the Philippines 
but not from Australia or Hawaii. Common 
in Micronesia. 


Family TROCHIDAE—Top Shells 
Genus MONODONTA Lamarck, 1801 


Monodonta labio (Linné, 1758). 
Hirase and Taki (1951) pl. 66, fig. 8. 


Characteristically 1.25 to 1.5 inches long, 
with purple and black beading and silvery 
white within the aperture. 

The recent Micronesian collections contain 
only two specimens. Both were found living 
among intertidal rocks on the beach at Tomil 
Harbor, Yap. 

GEOGRAPHIC RANGE: USNM collections 
are from the south China coast, southern 
Japan, the Ryukyu, Philippine, and Caroline 
islands, Borneo, and northern Australia. Re- 
ported from Madagascar but not from Ha- 
waii. Uncommon in Micronesia. M. /abio 
apparently is found along continental shores 
and high islands but not along the shores of 
atolls. 
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Genus Tectus Montfort, 1810 


Tectus pyramis (Born, 1780) (syn. obeliscus 
Gmelin, 1791; acutus Lamarck, 1822; tabi- 
dus Reeve, 1861). 

Hirase and Taki (1951) pl. 65, fig. 8. 

Characteristically 2.5 to 3.5 inches long, 
white or grayish, and possessing a heavy, 
conspicuous columellar fold. 

Ordinarily found in rock crevices near the 
edge of seaward reef flats, both windward and 
leeward. Also taken on lagoon reef flats, on 
minor reef prominences in lagoons, and on 
coral masses in surge channels along the sea- 
ward reef edge. Lives at or near low tide line 
to depths of 10 feet. Commonly associated 
with species of Turbo, Vasum, and Bursa. 

GEOGRAPHIC RANGE: Widespread and fairly 
common in Micronesia but not throughout 
the Indo-Pacific. Not found in Hawaii. US 
NM records are from southern Japan, the 
Ryukyu, Philippine, Mariana, Caroline, Mar- 
shall, Gilbert, Solomon, Loyalty and Fiji is- 
lands, Samoa, and New Caledonia. 

Genus TROCHUS Linné, 1758 


There are several closely related representa- 
tives of this genus in the Indo-Pacific. Ex- 
tensive study, beyond the scope of this paper, 
is needed to clarify their systematic positions. 
As in other groups, the most widely accepted 
and generally understood names are recorded 
here. 

Trochus histrio histrio Reeve, 1848. 

Typically 1 to 1.25 inches long, with a red 
columellar blotch and a spiral ridge within 
the columella. Characterized by beading of 
unequal size, the bead rows immediately above 
the sutures tending to be larger than the 
beading on the rest of the shell. The beading 
in general is finer than that of T. Aistrio in- 
textus.” 


Unlike T. Aistrio bistrio, the Hawaiian form of 
Trochus, T. histrio intextus Kiener (1850), possesses 
evenly spaced, spiral rows of uniformly sized beading 
over the entire shell. It lives among rocks of seaward 
reef flats. Morrison found specimens living on the 
concrete walls at Coconut Island, Kaneohe Bay, Oahu. 
Apparently it is limited to the Hawaiian Islands. 


Fic. 1. Trochus histrio bistrio Reeve. Bikini Atoll, 
Marshall Islands (USNM 579805). 


Commonly found on small reefs on lagoon 
floors in water 1 to 20 feet deep. Also lives 
on rocks in the lower intertidal zone of both 
windward and leeward ocean reef flats, ordi- 
narily on the reef edge. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM collections are from the 
south China coast, southern Japan, and the 
Ryukyu, Philippine, Mariana, Palau, Caroline, 
Marshall, Gilbert, Ellice, and Line (Palmyra) 
islands. A common Micronesian species, not 
found in Hawaii. 


Trochus maculatus Linné, 1758. 
Hirase and Taki (1951) pl. 65, fig. 1. 


Characteristically 2 to 2.5 inches long and 
marked from apex to base with discontinuous 
longitudinal red streaks. T. maculatus lacks 
the columellar ridge and red columellar blotch 
of T. histrio. 

Lives on rocks at the outer edge of both 
seaward and lagoon reef flats. 

GEOGRAPHIC RANGE: USNM collections 
are from India, the Gulf of Siam, south China 
coast, southern Japan, from the Ryukyu, 
Palau, and Philippine islands, and from Arno 
Atoll. T. maculatus is rare in Micronesia, and 
absent from Hawaii, but it is fairly common 
in southern Japan and in the Ryukyu and 
Palau islands. 


Trochus niloticus Linné, 1767. 
Hirase and Taki (1951) pl. 65, fig. 6. 
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The largest of the Trochidae, commonly 
with a basal diameter of 4 or 5 inches and a 
length of 3 to 4 inches. White with reddish, 
wavy, interrupted longitudinal streaks. 

Ordinarily lives in shallow water on rocks 
and in crevices near the outer edge of both 
seaward and lagoon reef flats. Also found on 
rocky bottoms, both ocean and lagoon, to 
depths of 40 or 50 feet. 

T. niloticus is the object of extensive fish- 
eries in Australia, Japan, the Palau, Philippine, 
Andaman, and Nicobar islands, because its 
shell is commercially valuable for manufac- 
turing buttons and jewelry and for inlaying 
and similar ornamental work. A detailed ac- 
count of its life history, habits, and habitat is 
presented by Rao (1939). The commercial 
use of the shell in the Philippines is discussed 
by Talavero and Faustino (1931). 

GEOGRAPHIC RANGE: USNM collections 
are from Mauritius eastward to Fiji, and from 
southern Japan south to New Guinea and 
New Caledonia. Reported from northern 
Australia but not from Hawaii. Colonies of 
T. niloticus have been introduced at Truk, 
Yap, the Palau and Marshall islands. 


Trochus ochroleucus Gmelin, 1791. 


Characteristically 1.25 to 1.5 inches long. 
Resembles T. maculatus and T. histrio but may 
be recognized by its more massive shell, the 
short subsutural axial riblets on its body 
whorl, the raised spiral cord on its columella, 
and the absence of a red columellar blotch. 
Specimens are commonly encrusted with cor- 
alline algae, vermetids, and Foraminifera. 


Fic. 2. Trochus ochroleucus Gmelin. Kikaigasima, 


Osumi, Japan (USNM 343138). 
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Lives under rocks and among coralline 
algal heads at the edge of reef flats, in the 
zone of breaking surf. Records in the recent 
Micronesian collections indicate that T. ochro- 
/eucus lives in greatest abundance on windward 
reefs, both ocean and lagoon, although a few 
specimens were taken from leeward ocean 
reefs. T. ochroleucus is invariably found below 
low tide line. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM collections are from south- 
ern Japan, the Ryukyu, Bonin, Mariana, 
Caroline, Admiralty, Marshall, Gilbert, Solo- 
mon, Loyalty, and Fiji islands, Samoa, Niau- 
fou, and New Guinea. Fairly common in 
Micronesia. Not found in Hawaii. 


Family TURBINIDAE—Turban Shells 
Genus TURBO Linné, 1758 


Turbo argyrostoma Linné, 1758. 
Hirase and Taki (1951) pl. 73, fig. 4. 


Characteristically 1.75 to 3.5 inches long. 
Recognized by its papillose, brownish or 
greenish operculum and the low scaly spines 
on its spiral ribs. 

T. argyrostoma lives in rock crevices on sea- 
ward reef flats, along the seaward reef edge, 
in rocky passes between reefs, and in crannies 
on minor reef prominences in lagoons. It 
invariably occurs below low tide line, com- 
monly in several feet of water. 

GEOGRAPHIC RANGE: USNM collections 
are from Aldabra Island and Mauritius in the 
Indian Ocean eastward through the Pacific 
to the Society and Tuamotu islands; and from 
southern Japan, the Ryukyu and Bonin is- 
lands south to New Guinea and New Cale- 
donia. Reported to be common in Queens- 
land, Australia. It is the most common Turbo 
in Micronesia. 

A form or subspecies of T. argyrostoma, 
characterized by a tendency toward chan- 
nelled sutures, swollen whorls, and a lack of 
spines, is common in Hawaii, although typi- 
cal T. argyrostoma is not found there. This 
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form has been called T. articulatus Reeve and 
T. intercostalis Menke. 


Turbo petholatus Linné, 1758 (syn. variabilis 
Reeve, 1842; militaris Reeve, 1848). 
Hirase and Taki (1951) pl. 73, fig. 1. 


Characteristically 1.25 to 3 inches long with 
a polished shell strikingly marked with red- 
dish-brown and fawn color. 

The recent Micronesian collections contain 
only two specimens of T. petholatus. Both 
were found living on small reefs on the sandy 
lagoon shelf at Ifaluk. These particular reefs 
are never exposed, even during spring tides, 
and are ordinarily covered by 3 to 5 feet of 
water at low tide. 

GEOGRAPHIC RANGE: USNM collections 
are from Mauritius in the Indian Ocean east- 
ward through the Pacific to the Society and 
Tuamotu islands, and from southern Japan 
south to northern Australia and New Cale- 
donia. Uncommon in Micronesia. Not found 
in Hawaii. 


Turbo setosus Gmelin, 1791 (syn. stenogyrus 

Fischer, 1873). 

Hirase and Taki (1951) pl. 73, fig. 5 [as 
T. stenogyrus Fischer]; Morris (1952) p. 
164, pl. 35, fig. 11. 

Characteristically 1.5 to 3.75 inches long. 
Distinguished from T. argyrostoma by its typi- 
cally smooth, white operculum, its lower 
spire, and the absence of spines on its spiral 
ribs. 

T. setosus apparently lives almost exclusively 
on the seaward edge of windward ocean reef 
flats, embedded in rock crevices. It is also 
reported from the edge of the windward la- 
goon reef flat at Bikini where the lagoon is 
broad enough to allow the development of a 
strong surf along the windward lagoon shore. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM records are from the Mari- 
ana, Marshall, Gilbert, Caroline, Solomon, 
Fiji, Samoan, Niaufou, Cook, Society, and 
Tuamotu islands, and from New Guinea. Re- 
ported from the Ryukyus, Philippines, For- 
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mosa, and Queensland, Australia. Common 
in Micronesia but not as abundant there as 
T. argyrostoma. Absent from Hawaii. 


Family NERITIDAE—Nerites 
Genus NERITA Linné, 1758 


Nerita albicilla Linné, 1758. 
Hirase and Taki (1951) pl. 75, fig. 8; Morris 
(1952) p. 166, pl. 36, fig. 15; Kira (1955) 
pl. 11, fig. 15. 


Characteristically about one inch long with 
rows of tubercles on the columellar deck. 

N. albicilla is a solitary species found on or 
under rocks of seaward reef flats or along 
rocky ocean shores. None of the specimens 
studied were taken along lagoon shores. N. 
albicilla apparently lives near low tide line, 
farther from shore than N. plicata, N. polita, 
or N. undata. 

GEOGRAPHIC RANGE: USNM collections 
are from the entire east African coast, includ- 
ing the Red Sea, eastward through the Indian 
and Pacific oceans to the Tuamotu Islands, 
and from southern Japan and Hawaii south 
to New South Wales, Australia. An uncom- 
mon species in Micronesia. 


Nerita plicata Linné, 1758. 
Hirase and Taki (1951) pl. 75, fig. 14; 
Tinker (1952) p. 198, figs. on p. 199; 
Kira (1955) pl. 11, fig. 17. 


Characteristically about one inch long with 
conspicuous raised spiral ribs, a wrinkled 
columellar deck, and four strong columellar 
teeth. 

N. plicata is typically found living in groups 
on and under rocks at and above high tide 
line along both ocean and lagoon shores. 
Although it is out of water for long periods, 
it apparently avoids desiccation by remaining 
in rock crevices during the day. At night ic 


creeps about the rocks, presumably feeding 
upon surface algae. It is also frequently active 
on rainy or overcast days. N. plicata is com- 
monly associated with species of Litterina and 
Melampus. 
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GEOGRAPHIC RANGE: USNM collections 
are from the entire east African coast, east- 
ward through the Indian and Pacific oceans 
to the Society, Tuamotu, and Marquesas is- 
lands, to Clipperton Island in the eastern 
Pacific, and from southern Japan and Hawaii 
south to Queensland, Australia. N. plicata is 
very common throughout the Indo-Pacific. 


Nerita polita Linné, 1758. 

Hirase and Taki (1951) pl. 75, fig. 13; 

Morris (1952) p. 165, pl. 36, fig. 16; 
Kira (1955) pl. 11, fig. 19. 

Characteristically about one and one-half 
inches long, with a smooth, polished shell 
mottled with grey, white, and black. 

N. polita lives among rocks at and above, 
but generally not below, high tide line along 
both ocean and lagoon shores. During the day 
it remains buried about an inch deep in sand 
between the rocks. At night it browses on the 
algae-covered rock surfaces. 


GEOGRAPHIC RANGE: USNM collections 
are from the entire east African coast, includ- 
ing the Red Sea, eastward through the Indian 
and Pacific oceans to the Society and Tua- 
motu islands, and from southern Japan and 
Hawaii south to the East Indies, New Guinea, 
and New Caledonia. Reported from northern 
Australia. Very common throughout the 
Indo-Pacific. 


Nerita signata Lamarck, 1822 (syn. reticulata 
Karsten, 1789, nonbinom.). ~ 


Characteristically 1 to 1.25 inches long, 
with raised spiral ribs crossed by numerous 
fine, wavy crenulations. 

The recent Micronesian collections contain 
only one individual, found among intertidal 
rocks of the beach at Tomil Harbor, Yap. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific, uncommon in Micronesia, and 
absent from Hawaii. USNM records are from 
the Ryukyu Islands, Gulf of Siam, Borneo, 
and the Philippine, Caroline, Fiji, and Gilbert 
islands. 
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Fic. 3. Nerita signata Lamarck. Yap Island, western 
Carolines (USNM 614206). 


Nerita undata Linné, 1758. 


Characteristically 1 to 1.5 inches long, 
blackish with a white columella and aperture, 
and bearing numerous spiral incised grooves. 

Specimens in the collections studied were 
found on and under rocks at or near high 
tide line along the tidal flats and rocky beach 


Fic. 4. Nerita undata Linné. Yap Island, western 
Carolines (USNM 614207). 
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at Tomil Harbor, Yap. Morrison reports N. 
undata from the mangrove swamps along Bay 
of Islands, Fiji, living in the mud or on the 
mangrove roots together with Littorina 
scabra. 

GEOGRAPHIC RANGE: Widespread but ap- 
parently limited to the muddy shores of high 
volcanic islands and continental coasts and 
not found along the shores of atolls. USNM 
collections are from East Africa eastward 
through the Indian and Pacific oceans to the 
Tuamotu Islands, and from the Ryukyu Is- 
lands south to northern Australia and New 
Zealand. Uncommon in Micronesia and not 
reported at all from the Marshall, Mariana, 
Gilbert, or Hawaiian islands. 


Family LITTORINIDAE—Periwinkles 


Genus LITTORINA Ferussac, 1821 


Littorina coccinea (Gmelin, 1791) (syn. obesa 
Sowerby, 1832). 


Characteristically 0.5 to slightly more than 
1 inch long with a red-brown columella and 
aperture and without spiral lines within the 
aperture. Exterior light pink or purplish and 
entirely lacking additional color markings. 


Fic. 5. Littorina coccinea (Gmelin). Bikini Atoll, 
Marshall Islands (USNM 585874). 


Lives at and above high tide line along 
rocky shores, both ocean and lagoon, com- 
monly in groups in rock crevices. Frequently 
found in the zone barely wet by spray at high 
tide and even in areas wet only by rain. 
Morrison reports having found this species 
living as far as 5O to 100 yards inland. L. 
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coccinea is Characteristically active at night or 
on overcast days. 

GEOGRAPHIC RANGE: USNM collections 
are from Cocos-Keeling Atoll in the Indian 
Ocean eastward to the Hawaiian and Society 
islands, and from southern Japan south 
through Micronesia to Fiji. Reported from 
northern Australia. L. coccinea is the most 
common littorine in Micronesia. 


Littorina pintado (Wood, 1828). 
Hirase and Taki (1951) pl. 79, fig. 12; 
Tinker (1952) p. 174, 2 figs. on p. 175 
(poor). 


Characteristically 0.37 to slightly less than 
1 inch long with a dark brown columella and 
conspicuous dark brown spiral lines within 
the aperture. Exterior purplish gray and cov- 
ered with minute streaks or dots. 

Habitat similar to that of L. coccinea, al- 
though L. pintado apparently does not live as 
far above high tide line as does L. coccinea. 
According to Morrison and Cloud, the two 
species overlap in the upper spray zone, L. 
coccinea extending upward and L. pintado ex- 
tending down. Like most littorines, L. pintado 
can survive long periods of exposure. Ed- 
mondson (1946) reports an individual which, 
after being out of water for nearly a year, 
revived in a few minutes upon being replaced 
in sea water. 

GEOGRAPHIC RANGE: Uncommon in Micro- 
nesia, and apparently limited in its range to 
the northern Pacific islands. USNM collec- 
tions are from southern Japan, the Ryukyus, 
Bonins, Philippines (northern group only), 
Marianas, Marshalls, Johnston Island, and 
Hawaii. Reported from Formosa. 


Littorina scabra (Linné, 1758). 
Hirase and Taki (1951) pl. 79, fig. 13; 
Tinker (1952) p. 174, 3 figs. on p. 175. 


Characteristically 0.5 to slightly more than 
1.5 inches long and marked on all whorls with 
broad, brown zig-zag streaks. 

Lives at and above high tide line along 
muddy mangrove shores, either on the man- 
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grove roots or in the mud, and also among 
shoreline rocks. Commonly associated with 
Nerita undata. 

GEOGRAPHIC RANGE: Apparently more 
abundant along continental and high-island 
shores than on atolls. USNM collections are 
distributed from East Africa through the In- 
dian and Pacific oceans to Hawaii and Tahiti, 
and from the Philippines and Marianas south 
to northern Australia. Reported from the 
Ryukyu Islands. Uncommon in Micronesia. 


Littorina undulata Gray, 1839. 
Hirase and Taki (1951) pl. 79, fig. 11; 
Tinker (1952) p. 174, 2 figs. on p. 175. 


Characteristically 0.37 to 0.87 inches long 
with a purplish columella. Exterior variously 
marked with brown zig-zag streaks, dots, or 
indefinite color markings. 

Lives near and above high tide line along 
rocky shores, both ocean and lagoon. Groups 
of L. wndulata commonly occur in rock 
crevices. 

GEOGRAPHIC RANGE: USNM collections 
are from the coast of India, Ceylon, and 
Cocos-Keeling Atoll eastward to the Line 
Islands and Samoa, and from southern Japan 
south to New Guinea and New Caledonia. 
Reported from Hawaii but not from Austra- 
lia. Fairly common in Micronesia. 


Family CERITHITIDAE—Ceriths 
Genus RHINOCLAVIS Swainson, 1840 


Rhinoclavis aluco (Linné, 1758). 
Hirase and Taki (1951) pl. 83, fig. 7. 


Characteristically 2 to 2.5 inches long. 

Ordinarily lives on lagoon shelves, buried 
in sand among roots of turtle grass and other 
seaweeds, or in sand pockets on or among 
small lagoon reefs. Invariably found below 
low tide line, commonly at depths of a few 
feet. 

GEOGRAPHIC RANGE: Apparently limited to 
the western and west central Pacific, uncom- 
mon in Micronesia, and absent from Hawaii. 


USNM records are from the Ryukyu, Philip- 
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pine, Palau, Caroline, Solomon, Samoan, and 
Fiji islands, the Sulu Archipelago, the Schou- 
ten Islands off New Guinea, and from north- 
ern Australia and New Caledonia. 


Rhinoclavis aspera (Linné, 1758). 
Hirase and Taki (1951) pl. 83, fig. 1. 


Characteristically 1 to 2 inches long. 

Ordinarily lives in sand on lagoon floors or 
off the edge of seaward reefs. Also found in 
sand pockets on seaward reef flats and on 
small lagoon reefs. Invariably occurs below 
low tide line, usually at depths of 3 to 15 
fathoms. 

GEOGRAPHIC RANGE: USNM collections 
are from Mauritius and Ceylon eastward 
throughout the Indian and Pacific oceans to 
the Cook Islands, and from southern Japan 
and Palmyra south to northern Australia. 
Apparently not found in Hawaii, but fairly 
common in Micronesia. 


Rhinoclavis sinensis (Gmelin, 1791) (syn. obe- 

liscus Bruguiére, 1792). 

Hirase and Taki (1951) pl. 83, fig. 4; Tinker 
(1952) p. 166, 3 figs. on p. 167 [as C. 
obeliscus Bruguiere). 

Characteristically 1.25 to 2 inches long. 

Lives among sand and rocks on seaward 
reef flats both windward and leeward, and on 
small reefs of sandy lagoon shelves. Ordi- 
narily found near, or a few feet below, low 
tide line. 

GEOGRAPHIC RANGE: According to USNM 
records, distributed along the entire east Afri- 
can coast from Natal, Durban, South Africa, 
to the Red Sea, eastward throughout the In- 
dian and Pacific oceans to the Society and 
Tuamotu islands, and from southern Japan 
and Hawaii south to northern Australia and 
New Caledonia. A fairly common species in 
Micronesia. 


Rhinoclavis tenuisculpta (Reeve, 1866). 
Characteristically 1 to 1.75 inches long and 
sculptured with nodulose spiral cords, of 
which 4 or 5 may be heavier than the others. 
Shell white and typically mottled with brown, 
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FiG. 6. Rhinoclavis tenuisculpta (Reeve). Bikini Atoll, 
Marshall Islands (USNM 580526). 


although entirely white specimens have been 
found. Aperture white. 

Found living in sand on lagoon floors and 
off the edge of seaward reefs, at depths of 
10 to 500 feet. 

GEOGRAPHIC RANGE: USNM collections 
are from Mauritius eastward 
throughout the Indian and Pacific oceans to 
Midway Island and the Tuamotus, and from 
southern Japan south to northern Australia. 


distributed 


Fairly common in Micronesia, but apparently 
replaced in Hawaii by R. granifera Pease. 


Rhinoclavis vertagus (Linné, 1767). 
Hirase and Taki (1951) pl. 83, fig. 2. 


Characteristically 1.5 to 2.5 inches long. 

The recent Micronesian collections contain 
only one specimen, found living among inter- 
tidal rocks on the beach at Tomil Harbor, 
Yap. 

GEOGRAPHIC RANGE: USNM records are 
distributed from Mauritius and Ceylon east- 
ward through the Indian and Pacific oceans 
only as far as the Caroline and Solomon is- 
lands, and from the Ryukyu Islands south to 
northern Australia. An uncommon species in 
Micronesia. Not found in Hawaii. 


Genus CERITHIUM Bruguiére, 1789 


Cerithium alveolus Hombron and Jacquinot, 
1841 (syn. C. piperitum Sowerby, 1855). 


Characteristically less than one-half inch 
long. Shell white, covered with spiral ridges 
of varying depth and with many fine, brown 
spots. Columella violet. C. alveolus super- 
ficially resembles C. sejunctum, but it is more 
slender, its brown markings are finer, its spiral 
ridges are not nodose, and its outer lip is not 
violet. 

The many specimens from the Marshall 
Islands in the collections studied indicate that 
C. alveolus is abundant on windward ocean 
reef flats where it lives in sandy depressions 
among rocks and in rocky tide pools. The 
collections also include several specimens from 
the sandy lagoon bottom of Tanapag Harbor, 
Saipan, found among small reefs at depths of 
10 to 15 feet. 

GEOGRAPHIC RANGE: USNM records are 
from the Mariana and Marshall islands only. 
Reported from the Ryukyu Islands and For- 
mosa, but not from Hawaii. Probably more 
widespread but rarely noticed because of its 
small size. Apparently fairly common in 
Micronesia. 


Fic. 7. Cerithium alveolus Hombron and Jacquinot. 
Bikini Atoll, Marshall Islands (USNM 583953). 
Cerithium columna Sowerby, 1855 (syn. echina- 

tum Kiener, 1841; not Lamarck, 1822). 

Tinker (1952) p. 166, 3 figs. on p. 167. 


Characteristically 0.75 to 1.5 inches long. 
Shell whitish. Aperture white. Spiral ridges 
between the nodes commonly dark brown. 

Ordinarily found buried in sand near and 
below low tide line. Most of the specimens 
in the recent Micronesian collections were 
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living in sand pockets on windward ocean 
reef flats. USNM specimens from Hawaii, 
however, were dredged from depths of 30 to 
300 feet off Honolulu Harbor and Waikiki 
Beach. C. columna is also common in the 
lagoon at Pulo Panjang, Cocos-Keeling Atoll 
(Abbott, 1950), and on the reefs of northern 
Australia (Allan, 1950). 

GEOGRAPHIC RANGE: USNM collections 
are distributed from Mauritius eastward 
through the Indian and Pacific oceans to the 
Hawaiian and Tuamotu islands, and from 
southern Japan south to northern Australia. 
A common species in Micronesia. 


Cerithium morus Bruguiére, 1792. 


Characteristically about one inch long, 
rather inflated, and strongly granulose. Shell 
dark brown or black. Aperture white. The 
recent Micronesian collections contain only 
four specimens, all of which were found among 
intertidal rocks at Tomil Harbor beach, Yap. 


Fic. 8. Cerithium morus Bruguiére. Guam, Mariana 
Islands (USNM 585837). 


GEOGRAPHIC RANGE: USNM collections 
are distributed from Mauritius and the east 
coast of India eastward through the Indian 
and Pacific oceans to the Hawaiian and Tua- 
motu islands, and from the Philippine and 
Mariana islands south to Borneo, the Solo- 
mon Islands, and Fiji. Not reported from 
Australia or southern Japan. Uncommon in 
Micronesia. 


Cerithium nassoides Sowerby, 1855 (syn. macu- 
losum Mighels, 1845). 
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Tinker (1952) p. 170, 2 figs. on p. 171 
[as C. maculosum Mighels}. 
Characteristically less than one-half inch 

long and white with scattered brown spots 

of varying size. 

Only one specimen in the recent Microne- 
sian collections was taken alive. It was found 
in a sand pocket among small reefs at a depth 
of 10 to 20 feet in the lagoon entrance west 
of Saipan. Dead specimens were taken from 
seaward reef flats at Eniwetok and Rongelap. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific and fairly common in Micronesia. 
USNM records are from the Mariana, Mar- 
shall, Loyalty, Tuamotu, and Hawaiian is- 
lands only. Reported from southern Japan 
but not from Australia. 


Cerithium nodulosum Bruguitre, 1792. 
Hirase and Taki (1951) pl. 83, fig. 8; Kira 
(1955) pl. 12, fig. 22. 

The largest Indo-Pacific Cerithium, char- 
acteristically 4 to 4.5 inches long. 

Lives among sand and rocks on seaward 
reef flats, ordinarily just shoreward of the reef 
edge. Also found in channels between reef 
segments and on small lagoon reefs. Invari- 
ably occurs below low tide line, commonly in 
a few feet of water but occasionally at depths 
of 10 feet or more. 

GEOGRAPHIC RANGE: USNM records are 
distributed from Mauritius eastward through- 
out the Indian and Pacific oceans to the So- 
ciety Islands, and from the Ryukyu, Mariana, 
and Marshall islands south to New Caledonia. 
Reported from northern Australia but not 
from southern Japan or Hawaii. Fairly com- 
mon in Micronesia. 


Cerithium salebrosum Sowerby, 1855. 


Characteristically one inch or less long, 
slender and sharply sculptured with strong 
axial ribs crossed by spiral cords. Shell and 
aperture white. Ordinarily lives on sandy la- 
goon slopes and floors at depths of about 
5 to 200 feet. Occasionally taken on small 
reefs of sandy lagoon. Apparently not found 
on seaward reef flats or above low tide line. 
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Fic. 9. Cerithium salebrosum Sowerby. Ifaluk Atoll, 
Caroline Islands (USNM 614197). 


GEOGRAPHIC RANGE: USNM records are 
exclusively from atolls in the Caroline, Mar- 
shall, and Gilbert islands. Appears to be un- 
common in Micronesia, and absent from 
Hawaii, but is probably more widespread than 
the records indicate, being rarely noted be- 
cause of its small size and relatively deep water 
habitat. 


Cerithium sejunctum \redale, 1929 (syn. varie- 
gatum Quoy and Gaimard, 1834, preocc.). 


FiG. 10. Cerithium sejunctum Iredale. Bikini Atoll, 
Marshall Islands (USNM 580070). 


Characteristically about one-half inch or 
less in length and with granose spiral ridges. 
Shell whitish, mottled with varying shades of 
brown. Aperture typically pale violet, partic- 
ularly on the columella and outer lip. Or- 
dinarily found buried in sand near or a few 
feet below low tide line. Most of the speci- 
mens in the recent Micronesian collections 
were living in sand among rocks and in rocky 
tide pools on windward ocean reef flats. Ab- 
bott (1950) reports C. seyunctum to be “'plenti- 
ful in the lagoon in shallow, weedy water’’ at 
Cocos-Keeling Atoll. 

GEOGRAPHIC RANGE: USNM records are 
from Cocos-Keeling Atoll in the Indian 
Ocean and from the Marshall, Gilbert, Phoe- 
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nix, and Fiji islands in the Pacific. Reported 
from southern Japan and Formosa, but not 
from Hawaii. Common in Micronesia. 


Cerithium tuberculiferum Pease, 1869. 
Tinker (1952) p. 166, 2 figs. on p. 167 
[as C. echinatum Lamarck]. 


Characteristically 1.5 to 2.25 inches long 
and sculptured with spiral, tuberculated cords 
which are spinose around the periphery of 
each whorl. Shell whitish with irregular brown 
markings. Aperture white. 

Found buried in sand among rocks and 
coral patches below low tide line on seaward 
and lagoon reef flats and at depths of a few 
feet in channels between reefs. 

GEOGRAPHIC RANGE: USNM records are 
from the Philippine, Mariana, Marshall, Gil- 
bert, Loyalty, Samoan, Society, Tuamotu, 
Phoenix, Line, and Hawaiian islands. Not 
reported from southern Japan or Australia, 
but fairly common in Micronesia. 


Family HIPPONICIDAE—Hoof Shells 
Genus Hipponix Defrance, 1819 


Subgenus SABIA Gray, 1847 


Hipponix (Sabia) conicus (Schumacher, 1817). 


Characteristically 0.25 to 0.75 inch long, 
with irregular radial ribs, and white with a 
dark brown muscle scar inside the shell. Com- 
monly lives below low tide line on seaward 
reef flats, attached to the shells of other gas- 
tropods, typically around the aperture. A spe- 
cies with similar attachment habits (H. austra- 
lis) has been observed by Risbec (Yonge, 
1953) to feed upon the fecal pellets of the 
host. Specimens in the present collections 
were found on Turbo setosus, etc. Morrison 
and Cloud report a possibly unrecorded spe- 
cies of Hipponix which they found in Micro- 
nesia attached to corals, algae, or rocks; they 
believe it feeds on detritus, as does the com- 
mon California H. antiquatus (Yonge, 1953). 
Specimens in the present collections were 
found on Turbo setosus and T. argyrostomus, 
Vasum turbinellue and V. ceramiium, Thais ar- 
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FiG. 11. Hipponix (Sabia) conicus (Schumacher). a, 
exterior view of specimen from Pavuvu, Solomon Is- 
lands (USNM 488419); 4, interior view of specimen 
from Ifaluk Atoll, Caroline Islands (USNM 614198). 


migera, Drupa morum and D. rubusidaeus, Mo- 
rula elata, Cerithium tuberculatum and C. 
nodulosum, and on Conus distans, C. flavidus, C. 
lividus, and C. aulicus. A species with similar 
attachment habits (H. australis) has been ob- 
served by Risbec (Yonge, 1953) to feed upon 
the faecal pellets of the host shell. Microne- 
sian specimens of Hipponix found attached to 
corals, algae, or rocks (Morrison, Cloud) 
probably feed on detritus, as does the com- 
mon Californian H. antiquatus (Yonge, 1953), 
and may represent an unrecorded species. 

GEOGRAPHIC RANGE: USNM records are 
from East Africa throughout the Indian and 
Pacific oceans to the Hawaiian, Tuamotu, 
and Society islands, and from southern Japan 
south to northern Australia and New Cale- 
donia. Common in Micronesia. 


Genus CHEILEA Modeer, 1793 
Cheilea equestris (Linné, 1758). 

Tinker (1952) p. 182, fig. on p. 183 (as 
C. dillwyni (Gray) ); Kira (1955) pl. 13, 
fig. 9 (as C. scutulum (Reeve) ). 

Characteristically 1.25 to 1.5 inches long, 

yellowish white externally and polished white 
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Fic. 12. Cheilea equestris (Linné). Onotoa Atoll, Gil- 
bert Islands (USNM 607768). 


within. Lives among rocks on both seaward 
and lagoon reef flats, ordinarily a few feet 
below low tide line. 

GEOGRAPHIC RANGE: USNM collections 
are from the Caroline, Marshall and Gilbert 
islands and indicate the species to be fairly 
common in Micronesia. It is reported from 
southern Japan and Hawaii. 


Family STROMBIDAE—Conch Shells 
Genus STROMBUS Linné, 1758 


Strombus dentatus Linné, 1758 (syn. tridentatus 

Gmelin, 1791). 

Tinker (1952) p. 164, 3 figs. on p. 165 
[as S. tridentatus Lamarck]; Kira (1955) 
pl. 15, fig. 3 [as Canarium tridentatum 
(Gmelin) }. 

Characteristically 1.5 to 2 inches long. Shell 
whitish, mottled with yellow or brown, and 
with transverse raised ridges on all whorls. 
Interior of aperture dark orange-brown. Outer 
lip ridged internally, flared, and bearing sev- 
eral, large white teeth on its outer edge. 

Only one specimen in the recent Microne- 
sian collections was taken alive, from under 
rocks in 3 to 4 feet of water on the sandy 
lagoon shelf at Ifaluk. Several beach-worn 
specimens were collected at Eniwetok and 
Bikini, among rocks on both seaward and 
lagoon reef flats. 

GEOGRAPHIC RANGE: USNM collections 
are from East Africa, the Red Sea, and Mauri- 
tius eastward through the Pacific to the Tua- 
motu Islands, and from southern Japan and 
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Hawaii south to New Guinea, the Solomon 
Islands and New Caledonia. Uncommon in 
Micronesia. 


Strombus fragilis (R6ding, 1798) (syn. samar 
Dillwyn, 1817; bulbulus Sowerby, 1842). 


Characteristically 1.5 to 2 inches long. Shell 
whitish and mottled with orange or brown. 
Columella and outer lip reddish - brown. 
Whorls smooth, lacking the raised ridges of 
S. dentatus. Outer lip flared and ridged inter- 
nally but without the toothed edge of S. 
dentatus. 


Fic. 13. Strombus fragilis (R6ding). Guam, Mariana 
Islands (USNM 533081). 


Apparently lives below low tide line in both 
lagoon and offshore ocean waters. The recent 
Micronesian collections include only broken 
specimens dredged from a depth of 150 to 
200 feet off the sandy floor of Bikini lagoon, 
and worn specimens from four feet of water 
at Yap and from the shore of Mafiagaha Is- 
land, Saipan. 

GEOGRAPHIC RANGE: USNM records are 
from the Philippine, Mariana, Marshall, Ca- 
roline, Samoan, and Fiji islands only. These 
collections indicate that S. fragilis is uncom- 
mon in Micronesia and absent from Hawaii. 


Strombus gibberulus Linné, 1758. 
Kira (1955) pl. 15, fig. 7. 
Characteristically 1 to 1.5 inches long and 
porcelain white with brown markings and a 
purple or pink aperture. 


Fic. 14. Strombus gibberulus Linné. Yap, Caroline 
Islands (USNM 614208). 

Plentiful in Micronesia on sandy lagoon 
flats, which are barely exposed at low tide, 
and on sandy lagoon floors to depths of 60 
feet. Also found in sandy depressions on la- 
goon reef flats. Abbott (1950) reports that 
S. gibberulus is ‘fairly abundant” on the outer 
beaches of Cocos-Keeling Atoll. Abbott 
(1949) also reports the occurrence of thou- 
sands of individuals on the sand-mud flats at 
Guam and describes the habits of this species. 

GEOGRAPHIC RANGE: USNM collections 
are from the entire east African coast and the 
Red Sea eastward through the Indian and 
Pacific oceans to the Society and Tuamotu 
islands, and from the Ryukyu and Hawaiian 
islands south to Queensland, Australia, and 
New Caledonia. Common in Micronesia. 


Strombus lentiginosus Linné, 1758. 
Hirase and Taki (1951) pl. 86, fig. 4; Kira 
(1955) pl. 16, fig. 8. 


Characteristically about three inches long 
with a silvery pink aperture. 

Ordinarily found baried in sand at depths 
of 4 to 12 feet in quiet waters. Specimens in 
the recent Micronesian collections were taken 
on the sandy lagoon shelf at Rongelap and 
Ifaluk and from a protected channel at Ifaluk. 
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Abbott (1950) reports that S. /entiginosus oc- 
curs on the outer beach at Cocos-Keeling 
Atoll. 

GEOGRAPHIC RANGE: USNM collections 
are from East Africa eastward through the 
Indian and Pacific oceans to Samoa, and from 
the Ryukyu, Mariana, and Marshall islands 
south to New Guinea and New Caledonia. 
Reported from the Great Barrier Reef, Aus- 
tralia, but not from Hawaii. Common in 
Micronesia. 


Strombus luhuanus Linné, 1758. 
Hirase and Taki (1951) pl. 86, fig. 14; 
Kira (1955) pl. 15, fig. 8. 


Characteristically about two inches long 
with a bright orange-red aperture and black 
parietal wall. 

Lives in sand and coral rubble on lagoon 
shelves at depths of 2 to 12 feet. 


GEOGRAPHIC RANGE: USNM collections 
are from East Africa and the Persian Gulf 
eastward through the Indian and Pacific 
oceans to the Society Islands, and from south- 
ern Japan, the Mariana, and Line islands south 
to New Caledonia and New South Wales, 
Australia. The National Museum has speci- 
mens of S. /uhuanus from Palmyra, but none 
from Hawaii. The species is fairly common in 
Micronesia. 


Strombus maculatus Sowerby, 1842. 
Tinker (1952) p. 164, 3 figs. on p. 165; 
Morris (1952) p. 178, pl. 37, fig. 18, col. 
pl. 8, fig. 13. 


Characteristically 0.75 to 1 inch long and 
whitish with yellowish-brown markings and 
a white aperture. 

Found in sandy gravel between the rocks 
of seaward reef flats. 


GEOGRAPHIC RANGE: USNM records are 
from the Mariana, Caroline, Marshall, Gil- 
bert, Phoenix, Line (Palmyra), Hawaiian, 
Cook, and Tuamotu islands, and from Easter 
Island. Uncommon in Micronesia, although 
abundant in Hawaii. 
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Strombus mutabilis Swainson, 1821 (syn. floridus 
Lamarck, 1822). 


Characteristically slightly more than one 
inch long and variable in color. Typically 
whitish with brown markings and a flesh- 
colored aperture. 


FiG. 15. Strombus mutabilis Swainson. Saipan, Mari- 
ana Islands (USNM 607947). 


Ordinarily lives buried in the sand of lagoon 
shelves and slopes, among seaweed, from a 
few feet below low tide line to depths of 15 
feet. Also found buried in sand pockets on 
small lagoon reefs and on seaward reef flats. 
At Ifaluk, individuals were found in the 
sandy-muddy sediments of the lagoon shelf 
among turtle grass roots in 2 to 6 feet of wa- 
ter, in the sandy lagoon floor among algae 
(Halimeda sp.) at depths of 10 to 15 feet, and 
in sand on lagoon small reefs. At Bikini and 
Eniwetok specimens were collected from sand 
on the shallow seaward reef flats. Specimens 
were also found at Saipan buried among sea- 
weed on the sandy lagoon bottom of Tanapag 
Harbor at depths of 5 to 15 feet. 

GEOGRAPHIC RANGE: USNM collections 
are from the entire east African coast and the 
Red Sea eastward through the Indian and 
Pacific oceans to the Society and Tuamotu 
islands, and from southern Japan, the Mari- 
ana and Marshall islands, south to northern 
Australia and New Caledonia. S. mutabilis is 
common in Micronesia, but apparently does 
not reach Hawaii, where the closely related 
S. maculatus is abundant. 


Genus LaMBis Réding, 1798 
(Syn. PTEROCERA Lamarck, 1799) 
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Lambis chiragra (Linné, 1758). 
Hirase and Taki (1951) pl. 88, fig. 2; Kira 
(1955) pl. 16, fig. 12. 


Characteristically 8 to 10 inches long, with 
a wrinkled, orange-colored aperture and colu- 
mella. 

Lives on seaward reef flats, in sand between 
rocks and coral heads, and in tide pools. Also 
found among masses of coral (Heliopora) in 
channels between seaward reefs in 8 to 10 feet 
of water. Invariably found below low tide 
line. 

GEOGRAPHIC RANGE: USNM collections 
are from Zanzibar on the east African coast 
eastward throughout the Indian and Pacific 
oceans to the Marshall and Gilbert islands, 
and from southern Japan and the Mariana 
Islands south to northern Australia and New 
Caledonia. A common Lambis in Micronesia, 
but not reported from Hawaii. 


Lambis lambis (Linné, 1758). 
Hirase and Taki (1951) pl. 87, fig. 1; Kira 
(1955) pl. 16, fig. 7. 

Characteristically 6 to 8 inches long with 
slender, upward-curving apertural spines and 
a smooth, pinkish aperture. 

Lives in sand on both seaward and lagoon 
reef flats, and on sandy lagoon floors, ranging 
from a few feet below low tide line to depths 
of 10 feet. 

GEOGRAPHIC RANGE: USNM collections 
are from the east African coast eastward 
through the Indian and Pacific oceans to the 
Society and Tuamotu islands, and from south- 
ern Japan, the Mariana and Marshall islands 
south to northern Australia and New Cale- 
donia. The most common Indo-Pacific Lam- 
bis, but not reported from Hawaii. 


Lambis truncata (Humphrey, 1786) (syn. bryo- 
nia Gmelin, 1791). 
Hirase and Taki (1951) pl. 87, fig. 2. 


The largest species of Lambis, characteris- 
tically 10 to 15 inches long. A ponderous 
shell with a smooth, flesh-colored aperture. 
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Commonly found at depths of 15 to 30 
feet off the edge of seaward reefs, in sand 
among coral boulders. Also lives on sandy 
lagoon shelves among seaweed or on minor 
reef prominences in 2 to 10 feet of water. 
Invariably occurs below low tide line. At Ono- 
toa Cloud observed a group of individuals 
which appeared to be sedentary. They were 
partly buried in the sandy bottom; their shells 
were overgrown with coral-algal encrustations 
and with colonies of branching coral 5 to 7 
inches high. An examination of their stomach 
contents indicated that they had ingested 
quantities of the sandy substrate, presumably 
for nourishment. 

GEOGRAPHIC RANGE: USNM collections 
are from East Africa eastward throughout the 
Indian and Pacific oceans to the Fiji Islands, 
and from the Ryukyu, Mariana, and Marshall 
islands south to New Caledonia. Reported 
from northern Australia but not from Hawaii. 
Fairly abundant in Micronesia. 


Genus TEREBELLUM Lamarck, 1799 


Terebellum terebellum (Linné, 1758) (syn. sub- 
ulatum Lamarck, 1811). 
Hirase and Taki (1951) pl. 89, fig. 1; Kira 
(1955) pl. 15, fig. 1. 
Characteristically 2 to 3 inches long and 
whitish with light brown markings. 


The recent Micronesian collections include 
several lots of this species dredged from 
depths of 90 to 200 feet on the sandy bottom 
of Bikini lagoon and from 6 feet of water in 
Tomil Harbor, Yap. 

GEOGRAPHIC RANGE: There are no USNM 
records east of Micronesia. USNM collections 
are from Mauritius in the Indian Ocean east- 
ward through the Pacific to Samoa, and from 
southern Japan, the Mariana and Marshall 
islands south to northern Australia and New 
Caledonia. This species is uncommon in Mi- 
cronesia. 


Family NATICIDAE—Moon Shells 


Genus POLINICES Montfort, 1810 
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Polinices mammilla (Linné, 1758) (syn. pyri- 

formis Récluz, 1844). 

Hirase and Taki (1951) pl. 91, fig. 4 [as P. 

pyriformis Récluz]; Tinker (1952) p. 188, 
3 figs. on p. 189; Morris (1952) p. 174, 
pl. 37, fig. 8 [as P. pyriformis Récluz]; 
Kira (1955) pl. 17, fig. 10 [as P. pyri- 
formis (Récluz)]. 

Characteristically 1.25 to 2 inches long with 
an entirely white polished shell. 

Although P. mammilla is common in Mi- 
cronesia, Only one specimen in the recent 
collections was taken alive. It was found at 
night by Cloud on the surface of sandy inter- 
tidal flats along the lagoon shore of Uliga 
Island, Majuro Atoll. Edmondson (1946) re- 
ports this species living in Hawaii at depths 
of a few fathoms and occasionally occurring 
on the reefs. 

GEOGRAPHIC RANGE: USNM collections are 
from the entire east African coast from Natal, 
Durban, South Africa, to the Red Sea, east- 
ward through the Indian and Pacific oceans 
to Samoa, and from southern Japan and Ha- 
wali south to northeastern Australia and New 
Caledonia. 


Polinices melanostoma (Gmelin, 1791) (syn. 

opacus Récluz, 1851). 

Hirase and Taki (1951) pl. 91, fig. 1 [as P. 

opacus Récluz). 

Characteristically 1.25 to 2 inches long, 
with a polished white shell and a dark brown 
inner lip. 

Ordinarily found buried in the sand of la- 
goon shelves or in sand pockets on both sea- 
ward and lagoon reef flats, covered by several 
feet of water. Also lives in sand flats exposed 
at low tide. Presumably preys on pelecypods. 

GEOGRAPHIC RANGE: USNM collections are 
distributed from East Africa and Mauritius 
through the Indian and Pacific oceans to the 
Society and Tuamotu islands, and from south- 
ern Japan and Palmyra south to New Guinea 
and New Caledonia. Fairly common in Mi- 
cronesia. Reported from Hawaii but not from 
Australia. 
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Genus NATICA Scopoli, 1777 


Natica marochiensis (Gmelin, 1791). 
Morris (1952) p. 174, pl. 37, fig. 5. 


Characteristically about three-fourths inch 
long, with a smooth white calcareous oper- 
culum. 

N. marochiensis lives on a sandy bottom, 
ordinarily in shallow water on lagoon shelves 
or in sand pockets on lagoon reef flats, but 
it also occurs in protected bays and harbors 
to depths as great as 50 feet. Typically, it 
remains buried in the sand during the day and 
emerges at night. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa and the Red Sea eastward 
through the Indian and Pacific oceans to the 
Cook Islands, and from the Ryukyu and Ha- 
waiian islands south to the Caroline Islands 
and Samoa. Not reported from Australia. 
Apparently uncommon in Micronesia, al- 
though common at Cocos-Keeling Atoll and 
in Hawaii. 

Natica onca (Réding, 1798) (syn. chinensis 

Lamarck, 1816). 

Hirase and Taki (1951) pl. 90, fig. 8; Kira 

(1955) pl. 17, fig. 4. 

Characteristically 0.75 to 1 inch long 
with raised ridges on its white calcareous 
operculum. Resembles N. vio/acea, but its um- 
bilicus is more open above and below than is 
that of N. violacea; its callus is white; and its 
color pattern is in discrete spots only, in rows. 

The recent Micronesian collections include 
only one specimen, an empty shell from 4 
feet of water at Yap. 

GEOGRAPHIC RANGE: The only USNM 
specimens are from Okinawa, the Philippines, 
New Guinea, Admiralty and Solomon islands, 
New Caledonia, and from Vitilevu, Fiji. Re- 
ported from northern Australia, but not from 
Hawaii. These records indicate N. onca may 
be found only along the shores of high is- 
lands and continents but not near atolls. 
Apparently uncommon in Micronesia. 
Natica violacea Sowerby, 1825. 

Hirase and Taki (1951) pl. 90, fig. 9. 
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Characteristically 0.75 to 1 inch long. Re- 
sembles N. onca but, unlike that species, its 
umbilicus is rosy or violet and almost entirely 
covers the umbilicus; and the upper rows of 
color spots on its shell are larger than those 
of N. onca, and irregular, sometimes “‘literate” 
as in variations of Conus ebraeus. 

Lives on sandy lagoon floors at depths of 
90 to 150 feet. Drift specimens found on the 
seaward beaches of Bikini and Rongelap in- 
dicate the species may also live in deep water 
off the seaward reef edge. 

GEOGRAPHIC RANGE: There are only 6 speci- 
mens in the USNM, from the northern Mar- 
shalls (Bikini and Rongelap atolls) and from 
Biak, Schouten Islands, Dutch New Guinea. 
N. violacea is rare in collections from Micro- 
nesia and the Indo-Pacific. 


Family OVULIDAE—Egg Shells 
Genus OvULA Bruguiére, 1789 
Ovula ovum (Linné, 1758). 
Hirase and Taki (1951) pl. 94, fig. 18; Kira 
(1955) pl. 18, fig. 15. 


The shell of O. ovum is globose and large, 
characteristically 3 to 5 inches long, polished 
white externally and deep orange-brown with- 
in the aperture. Its mantle, in striking con- 
trast to the white shell, is ink black with only 
tiny white flecks. 

This well-known Indo-Pacific species is 
prized by island natives for charms and orna- 
ments but is seldom taken alive by collectors. 
A group of living specimens was found at a 
depth of about 12 feet in a protected embay- 
ment of the seaward reef front at the south 
side of Arno Atoll. The species was rare at 
Ifaluk; only one specimen was taken there, 
at a depth of 3 to 5 feet on the sandy lagoon 
shelf. At Arno, O. ovum was living on the 
compact surfaces of a dark brown soft coral 
which turns white where bruised; this associa- 
tion appeared to be a protective one for the 
mollusk, due to its dark mantle with white 
spots. However, in the case of the Ifaluk 
specimen of O. ovum, although it was living 
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on a soft coral, that soft coral was presumably 
a different species, being pale in color and 
thus affording no color protection for the 
mollusk. Apparently O. ovum is nutritionally 
dependent upon these alcyonarians. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa and Mauritius eastward 
through the Indian and Pacific oceans to the 
Society and Tuamotu islands, and from the 
Ryukyu Islands south to New Guinea and 
New Caledonia. Reportedly abundant in 
northern Australia. Not found in Hawaii. 

Family CY PRAEIDAE—Cowries 
Genus CyPRAEA Linné, 1758 
Subgenus CyprAkA Linné, 1758 
Cypraea (Cypraea) carneola Linné, 1758. 
Tinker (1952) p. 142, 3 figs. on p. 
Morris (1952) p. 180, pl. 5, fig. 11. 

Characteristically 1.5 to 2 inches long with 
bright purple teeth and interstices, four dark 
orange dorsal bands, and fawn-colored mar- 
gins. Giant specimens, 2.5 to 3.5 inches long, 
occur in Hawaii. 

Only one specimen in the recent Microne- 
sian collections was taken alive. It was found 
on a small reef in 2 to 4 feet of water on the 
sandy lagoon shelf at Ifaluk. Abbott (1950) 
reports that C. carneola lives under rocks in 
shallow water on the reefs at Cocos-Keeling 
Atoll. In Hawaii, Ostergaard (1950) found 
this species in shallow water on seaward reef 
flats and Ingram (1947) observed giant indi- 
viduals living in the same environment and 
copulating with normal-sized C. 


143; 
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carneola. 


Like most cowries C. carneola is presumably 
nocturnal. 


GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to the Society and Tua- 
motu islands, and from southern Japan and 
Hawaii south to northern Australia, Fiji, and 
Samoa. A fairly common species in Micro- 
nesia. 


Cypraea (Cypraea) lynx Linné, 1758. 
Tinker (1952) p. 148, 3 figs. on p. 149. 
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Characteristically about two inches long 
with many dorsal brownish spots and with 
bright orange interstices between its white 
teeth. 

Ordinarily found in shallow water, under 
rocks and in tide pools, on seaward and la- 
goon reef flats. Also taken from minor reef 
prominences on sandy lagoon shelves at 
depths of a few feet. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to the Society and Tua- 
motu islands, and from southern Japan and 
Hawaii south to northern Australia and New 
Caledonia. Ingram (1947) reports C. /ynx to 
be extremely rare in Hawaii, but it is fairly 
common in Micronesia. 


Cypraea (Cypraea) tigris Linné, 1758. 
Tinker (1952) p. 138, 4 figs. on p. 139; 
Hirase and Taki (1951) pl. 92, fig. 6; 
Kira (1955) pl. 20, figs. 16 and 17. 


Characteristically 4 to 5 inches long; cream 
colored or yellowish-white, with large black 
spots. 

C. tigris apparently lives under a variety of 
ecological conditions, and its size and color 
pattern differ from one geographic area to 
another. Records in the recent Micronesian 
collections indicate that the species most com- 
monly occurs among rocks and in crevices of 
seaward reef flats, and at the seaward reef 
edge, near or a few feet below low tide line. 
Most of the specimens were taken on wind- 
ward ocean reefs, but the species was also 
found on leeward ocean reefs, on lagoon reef 
flats, and on small reefs on lagoon floors. At 
Tanganyika, East Africa, Abbott (1951) ob- 
served a colony of 100 or more C. “gris living 
among eelgrass on a shallow sandy bottom. 
Few of these individuals were more than two 
and one-half inches long, and most of them 
possessed very dark coloring. Abbott also re- 
ports similar groups of small individuals from 
Okinawa, northeast Australia, and Halma- 
hera, Dutch East Indies. In Hawaii, C. tigris 
lives at depths of 6 to 12 feet in offshore ocean 
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waters. Specimens of maximum size are found 
in Hawaii, but the species is rare there as 
compared with its occurrences to the south 
and west. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to the Society Islands, and 
from the Ryukyu and Hawaiian islands south 
to northern Australia and New Caledonia. 
Reported from southern Japan. Common in 
Micronesia. 


Cypraea (Cypraea) vitellus Linné, 1758. 

Hirase and Taki (1951) pl. 92, fig. 4; Tinker 
(1952) p. 142, 3 figs. on p. 143; Kira 
(1955) pl. 20, fig. 7. 

Characteristically about 2.5 to 3 inches long 
with variously sized white spots over its fawn- 
colored dorsum and with thin lines of sand 
colored specks on its margins. 

Apparently lives on rocky surfaces or among 
rocks at depths of not more than a few feet 
on the outer flats of both seaward and lagoon 
reefs. In addition to several beach-worn shells, 
recent Micronesian collections include only 
three specimens that were taken alive; one in 
about three feet of water under rocks on the 
sandy lagoon shelf at Ifaluk, another on the 
seaward reef flat of windward Onotoa, and the 
third under near-shore rocks on the lagoon 
reef at Ine Village, Arno. Abbott (1950) re- 
ports C. vitellus living under boulders on the 
outer barrier reef at Cocos-Keeling Atoll. 
According to Allan (1950) this species is very 
common on rocky seaward reefs below low 
tide line in Australia. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to the Society and Tua- 
motu islands, and from southern Japan and 
Hawaii south to northern New South Wales, 
Australia, and New Caledonia. Uncommon in 
Micronesia. 


Subgenus MAuRITIA Troschel, 1863 


Cypraea (Mauritia) arabica Linné, 1758. 
Tinker (1952) p. 140, 3 figs. on p. 141. 
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Characteristically 2.5 to 3 inches long with 
reddish-brown teeth, a calloused spire, and 
numerous dark brown longitudinal hiero- 
glyphic streaks over its dorsum. 

C. arabica is ordinarily collected among 
rocks in shallow water on both seaward and 
lagoon reef flats. The recent Micronesian col- 
lections include two specimens that were 
taken alive, both from seaward reef flats at 
Ifaluk; one on the outer reef flat just shore- 
ward of the reef edge, the other in a tide pool 
on the inner reef flat. Hiatt reports C. arabica 
to be the most common Cypraea on the shore- 
ward portion of the lagoon reef flat at Ine 
Village, Arno. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa and the coast of India east- 
ward through the Indian and Pacific oceans 
to the Society Islands, and from the Ryukyu 
and Line islands south to northern New South 
Wales, Australia, and New Caledonia. Re- 
ported from southern Japan but not from 
Hawaii. Common in Micronesia. 


Cypraea (Mauritia) depressa Gray, 1824. 


Characteristically 1.5 to 2 inches long. Like 
C. maculifera, this species has brown dorsal 
reticulations and brown teeth, but it lacks a 
brown splotch on its ventral columellar 
surface. 

C. depressa apparently lives under rocks on 
windward and leeward ocean reef flats, com- 
monly just shoreward of the reef edge. Al- 
though a common species in Micronesia, it 
is seldom collected alive. 

GEOGRAPHIC RANGE: USNM records are 
from Cocos-Keeling Atoll in the Indian 
Ocean, and from the Palau, Mariana, Carol- 
ine, Marshall, Gilbert, Phoenix, Line, Sa- 
moan, Cook, Society, and Tuamotu islands. 
Reported from the Ryukyu Islands, but not 
from Hawaii. C. depressa also ranges far into 
the eastern Pacific, occurring at Clipperton 
Island (Hertlein and Emerson, 1953) and at 
Cocos and the Galapagos islands (Ingram, 
1951), but it is not found on the west coast 
of the Americas. 


FiG. 16. Cypraea (Mauritia) depressa Gray. Onotoa 
Atoll, Gilbert Islands (USNM 607761). 


Cypraea (Mauritia) maculifera (Schilder, 1932) 
(syn. reticulata Martyn, 1786, nonbinom.). 
Tinker (1952) p. 140, 3 figs. on p. 141 [as 

C. reticulata Martyn]; Morris (1952) p. 
179, col. pl. 5, fig. 15 [as C. reticulata 
Martyn]. 

Characteristically 2 to 2.5 inches long with 
brown teeth and brown dorsal reticulations. 
Closely resembles C. depressa but may be dis- 
tinguished from that species by the dark 
brown splotch on its ventral columellar 
surface. 

Ordinarily collected under rocks and loose 
coral below low tide line on windward ocean 
reef flats, commonly just shoreward of the 
reef edge. One specimen in the collections 
studied was taken from a small reef at a depth 
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of 4 to 10 feet in the lagoon west of Saipan. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM collections are from the 
Philippine, Mariana, Caroline, Marshall, Sa- 
moan, Cook, Society, Line (Palmyra), and 
Hawaiian islands. 


Cypraea (Mauritia) mauritiana Linné, 1758. 
Tinker (1952) p. 140, 3 figs. on p. 141; 
Morris (1952) p. 179, pl. 5, fig. 13; Kira 
(1955) pl. 20, fig. 12. 


A large species, characteristically 3.5 to 4 
inches long with brown dorsal reticulations 
and blackish-brown angular margins. 

Ordinarily found under rocks or in rock 
crevices on windward ocean reef flats, com- 
monly just shoreward of the reef edge where 
the surf is strong. Also taken from the fronts 
of both windward and leeward reefs, the walls 
of surge channels in the reef edge, in shallow 
water on small lagoon reefs, on lagoon reef 
flats, and along rocky shores. Characteristic- 
ally lives below low tide line, but also occurs 
intertidally in moist rock crevices and tide 
pools. Ingram (1947) collected immature 
specimens from a pool on a ledge of lava near 
Hanauma Bay, Oahu. The pool was about 15 
feet above the breaking surf at high tide and 
was sprayed by waves only during high water. 
Ingram also observed that individuals of the 
same size ordinarily live together under simi- 
lar environmental conditions. This species is 
nocturnal. 

GEOGRAPHIC RANGE: USNM collections are 
from Cocos-Keeling Atoll in the Indian 
Ocean eastward through the Pacific to the 
Society, Tuamotu, and Hawaiian islands, and 
from southern Japan south to New Guinea 
and New Caledonia. Allan (1950) reports C. 
mauritiana to be ‘fairly common’ on the 
Great Barrier Reef of Australia. It is common 
in Micronesia. 


Subgenus Erosaria Troschel, 1863 


Cypraea (Erosaria) caputserpentis Linné, 1758. 
Tinker (1952) p. 156, 3 figs. on p. 157; 
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Morris (1952) p. 179, pl. 5, fig. 2; Kira 
(1955) pl. 19, fig. 24. 


Characteristically 1.25 to 1.5 inches long 
with brown reticulations over a white dorsum, 
angular brown margins with white or grayish 
extremities, and white teeth with brown inter- 
stices. 

In Micronesia, C. caputserpentis is apparently 
most abundant among rocks on windward 
ocean reef flats, just shoreward of the reef 
edge. It is also found on the walls of surge 
channels along the seaward reef edge, on 
leeward ocean reefs, on lagoon reef flats, and 
on small lagoon reefs. It ordinarily lives in 
shallow water below low tide line but also 
occurs intertidally in moist rock crevices and 
in tide pools. Ostergaard (1950) reports that 
in Hawaii, large numbers of this species com- 
monly occur together on shore rocks washed 
by the surf at high tide. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to the Society, Tuamotu, 
and Marquesas islands, and from southern 
Japan, the Hawaiian and Line islands south 
to northern Australia and New Caledonia. A 
very common species throughout the Indo- 
Pacific. A form or subspecies of C. caputser- 
pentis is found at Easter Island in the eastern 
Pacific. 


Cypraea (Erosaria) erosa Linné, 1758. 
Tinker (1952) p. 148, 3 figs. on p. 149; 
Kira (1955) pl. 19, fig. 25. 

Characteristically about 1.5 to 2 inches 
long, with thickened, pitted margins and ex- 
tremities which are white with brown ridges. 
Each margin is medially marked with a large, 
squarish, purple-brown splotch. 

Lives among rocks and coral heads just 
below low tide line on the outer parts of both 
seaward and lagoon reefs. Abbott (1950) re- 
ports three living specimens from pools on 
the outer reef of Cocos-Keeling Atoll. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to the Society and Tua- 
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motu islands, and from southern Japan and 
Hawaii south to northern Australia and New 
Caledonia. Fairly common in Micronesia. 


Cypraea (Erosaria) helvola Linné, 1758. 
Tinker (1952) p. 152, 4 figs. on p. 153 
[poor]; Morris (1952) p. 181, pl. 5, fig. 
9 [poor]; Kira (1955) pl. 19, fig. 14. 
Characteristically about three-fourths inch 
long with brown and white spots over a 
bluish-gray dorsum, pitted orange-brown 
margins with violet extremities, and an orange- 
brown base. 


Several specimens in the recent Micronesian 
collections were found under rocks and loose 
coral in shallow water on both windward and 
leeward ocean reef flats of Bikini and Eniwe- 
tok. Two other specimens were found living 


on the leeward side of Onotoa; one among 
coral on the seaward reef flat, the other in a 
cranny on a small reef in a pass through the 
leeward reef. In Hawaii, Ostergaard (1950) 
collected living specimens in shallow water 
on Waikiki reef. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to the Tuamotu and Mar- 
quesas islands, and from southern Japan and 
Hawaii south to New Guinea and the Loyalty 
Islands. Also reported from northeastern Aus- 
tralia. Common in Micronesia. 


Cypraea (Erosaria) poraria Linné, 1758. 

Tinker (1952) p. 152, 4 figs. on p. 153; 

Hirase and Taki (1951) pl. 94, fig. 10; 
Kira (1955) pl. 19, fig. 17. 

Characteristically about 0.5 to 0.75 inch 
long with irregular white spots over a brown- 
ish dorsum, a violet base, and pitted violet 
margins and extremities. 

Ordinarily collected among rocks below 
low tide line on seaward reef flats. One speci- 
men in the present collections was found 
living among dead coral branches of a small 
reef on the sandy lagoon shelf at Ifaluk. The 
top of this reef was usually 2 to 3 feet below 
the water surface at mean low tide and was 


never exposed even during spring tides. Ab- 
bott (1950) reports C. poraria living under 
boulders on the seaward portion of the barrier 
reef at Cocos-Keeling Atoll. According to 
Ingram (1947) this species is extremely rare 
in Hawaii. Over a period of several years, he 
collected only one living specimen, taken 
from the branches of living coral at a depth 
of several feet on Waikiki reef, in a moder- 
ately heavy surf. 

GEOGRAPHIC RANGE: USNM col! sections are 
from Ceylon and Cocos-Keeling Atoll in the 
Indian Ocean eastward through the Pacific 
to the Society Islands, and from southern 
Japan and Hawaii south to New South Wales, 
Australia, and New Caledonia. Reported from 
Mauritius. Common in Micronesia. 


Subgenus MONETARIA Troschel, 1863 


Cypraea (Monetaria) annulus Linné, 1758. 

Morris (1952) p. 181, col. pl. 5, fig. 4 [as 

C. annulata Linné]; Kira (1955) pl. 19, 
hig. 20. 

Characteristically 0.5 to 0.75 inch long. 
Grayish white with a dark orange ring en- 
circling the central dorsum, which is com- 
monly a darker bluish gray. 

The collections studied include only four 
lots of this species on which there is ecological 
data. Most of the specimens were found a few 
feet below low tide line in beds of turtle grass 
on sandy lagoon shelves. A few were living 
intertidally in rocky pools on lagoon reef 
flats. According to Allan (1950), large num- 
bers of C. annulus commonly occur together 
on the coral reefs of northeastern Australia, 
under stones in shallow water. She also re- 
ports their occurrence along the rocky shore 
of southeastern Australia, at and below low 
tide line. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa and the Red Sea eastward 
throughout the Indian and Pacific oceans to 
Samoa and Palmyra Atoll, and from southern 
Japan south to northeastern Australia and 
New Caledonia. Not found in Hawaii. Un- 
common in Micronesia. 
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Cypraea (Monetaria) moneta Linné, 1758. 

Tinker (1952) p. 156, 3 figs. on p. 157; 

Morris (1952) p. 181, col. pl. 5, fig. 1; 
Kira (1955) pl. 19, fig. 23. 


Characteristically 0.75 to 1 inch long with 
thickened margins and extremities and a pol- 
ished pale yellow or greenish-yellow dorsum. 

Lives in a variety of habitats. Abundant 
under and among rocks and coral heads in 
shallow water on seaward and lagoon reef 
flats. Ordinarily occurs below low tide line 
but also found intertidally in moist rock crev- 
ices and in tide pools. Commonly found 
among seaweed in shallow bays and on sandy 
lagoon shelves and slopes in about 2 to 12 
feet of water. Also taken on small lagoon 
reefs, on exposed lagoon sand flats, and along 
rocky ocean shores. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to the Society and Tua- 
motu islands, and from southern Japan and 
Hawaii south to northeastern Australia and 
New Caledonia. C. moneta ranges into the 
eastern Pacific, occurring at Clipperton Island 
(Hertlein and Emerson, 1953), and at Cocos 
and the Galapagos Islands (Ingram, 1951), 
but it is not found on the west coast of the 
Americas. It is the most common small cowry 
in Micronesia. 


Subgenus LuRIA Jousseaume, 1884 


Cypraea (Luria) isabella Linné, 1758. 

Tinker (1952) p. 148, 3 figs. on p. 149; 
Morris (1952) p. 180, pl. 5, fig. 6 (poor); 
Kira (1955) pl. 19, fig. 26. 

Characteristically about 1.25 to 1.5 inches 

long with an orange or fawn-colored dorsum, 
dark brown or orange extremities, and a white 
base. Dorsum covered with thin brown or 
blackish-brown longitudinal streaks. 


Found under rocks and in crannies on sea- 
ward reef flats, on small lagoon reefs, and in 
shallow passes between reef segments. Occurs 
from just below low tide line to a depth of 8 
to 10 feet. Apparently most abundant on lee- 
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ward reefs or in protected lagoon waters, 
where it is not exposed to a heavy surf. 

GEOGRAPHIC RANGE: Collections are from 
the African coast (Natal, Durban, South 
Africa, to the Red Sea) eastward through the 
Indian and Pacific oceans to the Society and 
Tuamotu islands, and from southern Japan 
and Hawaii south to New Guinea and New 
Caledonia. Reported from southeastern Aus- 
tralia. C. isabella also ranges into the eastern 
Pacific, occurring at Clipperton Island (Hert- 
lein and Emerson, 1953) and at Cocos and the 
Galapagos Islands (Ingram, 1951), but it is 
not found on the west coast of the Americas. 
Common in Micronesia. 


Subgenus TALPARIA Troschel, 1863 


Cypraea (Talparia) argus Linné, 1758. 
Hirase and Taki (1951) pl. 92, fig. 1; Kira 
(1955) pl. 20, fig. 13. 

Characteristically 3 to 4 inches long with 
three medium brown transverse bands on a 
light fawn-colored dorsum over which are 
scattered numerous medium brown rings or 
eyes. Base whitish with four large dark brown 
splotches, two on each lip. 

None of the few specimens in the recent 
Micronesian collections were taken alive, but 
data for recently dead specimens indicate that 
this species lives below low tide line near the 
edge of seaward reefs. 

GEOGRAPHIC RANGE: USNM collections are 
from the south China coast and the East In- 
dies eastward through the Pacific to Hawaii 
and Samoa, and from the Ryukyu and Mari- 
ana islands south to New Caledonia. Re- 
ported from the Seychelles, Madagascar, 
Mauritius, and northern Australia. Uncom- 
mon in Micronesia. 


Cypraea (Talparia) talpa Linné, 1758. 
Tinker (1952) p. 144, 3 figs. on p. 145; 
Kira (1955) pl. 20, fig. 11. 


Characteristically 2 to 3 inches long with 
dark brown margins, extremities, and teeth; 
white interstices; and a light brown dorsum 
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bearing four darker medium brown transverse 
bands. 

Lives among rocks on both seaward and 
lagoon reef flats, invariably below low tide 
line. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa and the Seychelles eastward 
through the Pacific Ocean to Hawaii and the 
Tuamotus, and from the Ryukyu and Mariana 
islands south to northern Australia and New 
Caledonia. Uncommon in Micronesia. 


Subgenus CALLISTOCYPRAEA Schilder, 1927 


Cypraea (Callistocypraea) testudinaria Linné, 
1758. 
Hirase and Taki (1951) pl. 92, fig. 7; Kira 
(1955) pl. 20, fig. 18. 


Characteristically about 4.5 to 6 inches 
long. Elongate, with a light tan dorsum mot- 
tled and dotted with dark brown and covered 
with numerous fine white specks. Base fawn- 
colored. 

Lives on seaward reef flats and on small 
lagoon reefs, invariably below low tide line. 

GEOGRAPHIC RANGE: USNM records are 
from Zanzibar on the east African coast; from 
Mauritius, Ceylon and Cocos-Keeling Atoll 
in the Indian Ocean; and from the Ryukyu, 
Philippine, Caroline, Marshall, Gilbert, Sa- 
moan, and Fiji islands in the Pacific. Un- 
common in Micronesia, and not reported 
from Australia or Hawaii. 


Subgenus PALMADUSTA Iredale, 1930 


Cypraea (Palmadusta) fimbriata Gmelin, 1791. 
Tinker (1952) p. 154, 8 figs. on p. 155; 
Kira (1955) pl. 19, fig. 2. 


Characteristically 0.5 to 0.625 inch long 
with a transverse band of irregular brown 
markings extending medially over a purplish 
gray dorsum and columellar margin onto a 
white base. Extremities brilliant purple both 
dorsally and ventrally. Teeth and interstices 
white. 


Of the recent Micronesian specimens, only 
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one was taken alive—from branching coral 
(Stylophora sp.) on the lagoon reef slope off 
Ine Village, Arno Atoll. Locality notes accom- 
panying the Hawaiian specimens of C. fim- 
briata in the U. S. National Museum contain 
the following observation by the collector, 
Ditley Thaanum: “Among branches of coral, 
live and dead, under rocks, etc. Most frequent 
on rocks covered with a bright orange-yellow 
sponge (?) the color of the animal of [C.] 
fimbriata.”’ 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa and the Gulf of Suez east- 
ward through the Pacific to the Society, Tua- 
motu, and Hawaiian islands, and from 
southern Japan south to New Guinea. Re- 
ported from northern Australia and New 
South Wales. Rare in Micronesia. 


Subgenus ERRONEA Troschel, 1863 


Cypraea (Erronea) caurica Linné, 1758. 
Hirase and Taki (1951) pl. 93, fig. 11. 


Characteristically 1.5 to 2 inches long with 
numerous medium brown specks over a green- 
ish or bluish dorsum, commonly with three 
brownish transverse dorsal bands, produced 
margins and extremities which are whitish 
with dark brown spots, a white base and 
teeth, and light orange interstices. 

Only two specimens in the recent Micro- 
nesian collections were taken alive. Both were 
found under rocks on shallow lagoon reef 
flats. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to Fiji and Samoa, and from 
southern Japan south to northern Australia 
and New Caledonia. Uncommon in Micro- 
nesia. Not reported from Hawaii. 


Subgenus STAPHYLAEA Jousseaume, 1884 
Cypraea (Staphylaea) nucleus Linné, 1758. 
Tinker (1952) p. 160, 2 figs. on p. 161; 
Morris (1952) p. 182, col. pl. 5, fig. 7; 
Kira (1955) pl. 18, fig. 20. 


Characteristically 0.5 to 0.75 inch long with 
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pale rust-colored pustules and ridges covering 
a grayish dorsum, a distinct median dorsal 
furrow, extremities produced and beaked, and 
teeth extending over the base onto the 
Margins. 

Apparently lives below low tide line on 
both seaward and lagoon reef flats. The one 
specimen in the present Micronesian collec- 
tions which was taken alive came from among 
small reefs on the sandy lagoon shelf at Ifaluk. 
These reefs are never exposed, their surfaces 
ordinarily being covered by 3 to 5 feet of 
water at low tide. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa and Mauritius eastward 
throughout the Indian and Pacific oceans to 
the Society, Tuamotu, and Line islands, and 
from southern Japan south to New Guinea 
and New Caledonia. Reported from northern 
Australia and Hawaii. Uncommon in Mi- 
cronesia. 


Family CASSIDIDAE—Helmet Shells 
Genus Cassis Scopoli, 1777 


Cassis cornuta (Linné, 1758). 

Hirase and Taki (1951) pl. 97, fig. 1; Tinker 
(1952) p. 128, fig. on p. 129; Morris 
(1952) p. 183, pl. 38, fig. 14. 

The largest species of Cassis, commonly 10 
to 14 inches long. Whitish with 7 or 8 dark 
brown rays on the outer lip. Aperture flesh- 
colored and polished. 

Ordinarily lives in sand among small reefs, 
on lagoon slopes at depths of 5 to 20 feet. 
According to USNM collection notes by 
John Wells, the Arno natives claim that C. 
cornuta comes up from the lagoon bottom 
onto the lagoon reef flat during new moon. 
Perhaps corroborating this behavior is the 
fact that two of the present Ifaluk specimens 
were collected during new moon along the 
shallow shore of the lagoon. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to Samoa, and from the 
Ryukyu and Marshall islands south to the 
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Caroline Islands. Reported from southern 
Japan, Hawaii, and northeastern Australia. 
Fairly common in Micronesia. 


Genus PHALIUM Link, 1807 
Subgenus CAsMARIA H. and A. Adams, 1853 


Phalium (Casmaria) vibex (Linné, 1758). 
Tinker (1952) p. 130, 3 figs. on p. 131; 
Morris (1952) p. 183, pl. 38, fig. 13. 


Characteristically about two inches long, 
whitish or brownish with dark brown rays on 
the outer lip and a polished white aperture. 

Apparently lives on seaward reef flats in 
shallow water below low tide line. The one 
specimen in the recent Micronesian collec- 
tions which was taken alive was found among 
rocks in about 3 feet of water on the seaward 
reef flat at Ifaluk. Edmondson (1946) reports 
that, although P. vibex is a common Hawaiian 
species, it is seldom taken alive on the reefs. 
This comment indicates that the species lives 
in deeper water off the reef front. 

GEOGRAPHIC RANGE: Fairly common 
throughout the Indo-Pacific. USNM collec- 
tions are from East Africa and Mauritius east- 
ward throughout the Indian and Pacific oceans 
to Hawaii and the Tuamotu Islands, and from 
the Ryukyu Islands south to northern Aus- 
tralia and New Caledonia. 


Family CYMATIIDAE—Triton Shells 


Genus CyMATIUM Roding, 1798 


Subgenus LampusiaA Schumacher, 1817 


Cymatium (Lampusia) chlorostomum (Lamarck, 
1822). 

Tinker (1952) p. 126, 2 figs. on p. 127; 

Morris (1952) p. 184, col. pl. 6, fig. 10. 


Characteristically 1.75 to 4 inches long and 
solid, with strong varices, prominent columel- 
lar plications, and apertural teeth. Shell whit- 
ish with brownish spots and a bright orange 
aperture and columella. 

Ordinarily lives among rocks and in tide 
pools on windward ocean reef flats, com- 
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monly a few feet below low tide line toward 
the reef edge. Occasionally found on lagoon 
reef flats. One specimen in the recent Micro- 
nesian collections was taken in 18 feet of 
water from the sandy lagoon slope of Ron- 
gelap Atoll. At Eniwetok, Morrison observed 
this species feeding on ceriths. 

GEOGRAPHIC RANGE: USNM collections are 
distributed from Mauritius eastward through 
the Indian and Pacific oceans to the Society 
and Marquesas islands, and from southern 
Japan south to Cocos-Keeling Atoll, the 
Caroline and Fiji islands. Common in Micro- 
nesia. Reported from Hawaii but not from 
Australia. C. ch/orostomum also occurs in south- 
east Florida, the West Indies, and Bermuda. 


Cymatium (Lampusia) gemmatum (Reeve, 1844) 
(syn. mundum Gould, 1851). 
Tinker (1952) p. 124, 2 figs. on p. 125. 


Characteristically 1.25 to 1.75 inches long. 
Shell white or whitish with a yellowish hairy 
periostracum and a white aperture and colu- 
mella. 

Found under rocks and coral on shallow 
reef flats, ordinarily just below low tide line 
on lagoon reef flats. 

GEOGRAPHIC RANGE: USNM collections are 
from Cocos-Keeling Atoll in the Indian Ocean 
eastward through the Pacific to Hawaii and 
the Tuamotu Islands, and from southern 
Japan south to the East Indies, the Solomon 
Islands, and Fiji. Reported from Mauritius 
and northern Australia. Uncommon in Mi- 
cronesia. 


Subgenus GUTTURNIUM MOrch, 1852 


Cymatium (Gutturnium) muricinum Réding, 
1798 (syn. tuberosum Lamarck, 1822). 
Morris (1952) p. 184, col. pl. 6, fig. 1 [as 

C. tuberosum Lamarck]; Tinker (1952) p. 
124, 2 figs. on p. 125 [as C. tuberosum 
Lamarck]. 


Characteristically 1.75 to 3 inches long, 
with a slender, elongate anterior canal and a 
conspicuous columellar callus. Teeth, lips, 
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and columella polished white. Aperture dark 
orange-brown within. 

Ordinarily lives in sandy lagoons, fre- 
quently a few feet below low tide line on 
lagoon shelves and lagoon reef flats, and to 
depths of 150 feet on lagoon floors. Also 
found on the deeper portions of seaward reef 
flats. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward throughout the 
Indian and Pacific oceans to the Hawaiian 
and Tuamotu islands, and from southern 
Japan south to New Guinea and New Cale- 
donia. Fairly common in Micronesia, but not 
reported from Australia. C. muricinum also 
occurs in southeast Florida, the West Indies, 
and Bermuda. 


Genus CHARONIA Gistel, 1848 


Charonia tritonis (Linné, 1758). 

Hirase and Taki (1951) pl. 95, fig. 9; Tinker 
(1952) p. 114, fig. on p. 115; Morris 
(1952) p. 185, col. pl. 6, fig. 9; Kira 
(1955) pl. 21, fig. 15. 


The largest member of the family Cyma- 
tiidae and one of the largest gastropods in the 
Indo-Pacific, commonly reaching up to 16 to 
18 inches long. 

Apparently lives on sandy bottoms of shal- 
low bays and lagoons, and in deeper water 
off the edge of seaward reefs. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to Hawaii and Samoa, and 
from the Ryukyu and Mariana islands south 
to the New Hebrides and Fiji. Also reported 
from northern Australia and New South 
Wales. 


Family BURSIDAE—Frog Shells 
Genus BursA Réding, 1798 


Bursa bubo (Linné, 1758) (syn. rubeta gigantea 
E. A. Smith, 1914). 
Tinker (1952) p. 120, fig. on p. 121 [as B. 
lampas Linné}. 
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A ponderous shell easily recognized by its 
large size, specimens commonly attaining a 
length of 9 to 10 inches. 

Apparently lives among coral at a depth of 
several fathoms off the edge of seaward reefs. 

GEOGRAPHIC RANGE: USNM records are 
from East Africa, the Ryukyu, Philippine, 
Caroline, Marshall, and Fiji islands, and from 
New Caledonia. Reported from northern Aus- 
tralia and Hawaii. Specimens from Micronesia 
are few, possibly because of their relatively 
inaccessible habitat. 


Bursa bufonia (Gmelin, 1791). 
Hirase and Taki (1951) pl. 96, fig. 8; Tinker 
(1952) p. 120, 4 figs. on p. 121; Morris 
(1952) p. 186, col. pl. 6, fig. 4. 


Characteristically 2 to 2.5 inches long with 
curved anterior and posterior canals. Shell 
whitish with brown markings. Commonly en- 
crusted with calcareous algae, vermetids, and 
Foraminifera. Aperture white or yellowish 
within. 

Ordinarily lives among rocks and loose 
coral on windward ocean reef flats, commonly 
in turbulent water just shoreward of the reef 
edge, and invariably below low tide line. In 
the Marshall Islands, B. bufonia was abundant 
along the windward shores of Bikini, Eniwe- 
tok, Rongelap, and Rongerik, on the seaward 
reef flats which are covered by 6 inches to a 
foot of water at extreme low tide. The species 
was also found on windward lagoon reef flats 
of atolls with broad lagoons, where a strong 
surf is present on the windward lagoon shore 
(e.g., Bikini and Eniwetok). At Ifaluk, speci- 
mens were taken only on the windward ocean 
reef flats. Also, at Onotoa and Saipan B. 
bufonia was found exclusively along windward 
ocean shores. 

GEOGRAPHIC RANGE: USNM records are 
from New Guinea, the Philippine, Mariana, 
Marshall, Gilbert, Caroline, Solomon, Sa- 
moan, Tuamotu, Phoenix, and Line islands. 
Reported from Mauritius in the Indian Ocean, 
from southern Japan, and from Hawaii, but 
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not from Australia. A very common species 
in Micronesia. 


Bursa granularis Roding, 1798 (syn. affinis 
Broderip, 1833; granifera Lamarck, 1816). 
Tinker (1952) p. 122, 2 figs. on p. 123 [as 

B. affinis Broderip|; Morris (1952) p. 185, 
col. pl. 6, fig. 5 [as B. affinis Broderip]. 

Characteristically 0.75 to 2 inches long. 
Recognized by its laterally compressed shell 
and its vertically aligned varices. 

Lives under rocks and in tide pools of sea- 
ward reef flats, both windward and leeward, 
ordinarily slightly below low tide line. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward throughout the In- 
dian and Pacific oceans to Hawaii and the 
Tuamotu Islands, and from southern Japan 
south to New Caledonia, but the species is 
uncommon in Micronesia. There are worn 
USNM specimens from Clipperton and Clar- 
ion islands in the eastern Pacific; the Clipper- 
ton occurrence is confirmed by Hertlein and 
Emerson (1953). B. granularis is reported 
from northern Australia. It also occurs in 
southeast Florida and the West Indies, but it 
is not found on the west America coast. 


Family TONNIDAE—Tun Shells 


Genus TONNA Brinnich, 1772 
(syn. Cadus Roding, 1798; Dolium Lamarck, 
1801; Cadinm Link, 1807) 


Tonna cepa (R6ding, 1798) (syn. olearium ot 
authors). 

Characteristically 3 to 4.5 inches long. Dif- 
fers from T. perdix in having a more globose 
shell, deep, almost channelled sutures, and 
somewhat shouldered whorls. Also, the spiral 
grooves of T. cepa are deeper than those of 
T. perdix. 

Probably lives in offshore ocean waters. 
The recent Micronesian collections include 
only one shell, obtained from natives at Ono- 
toa. Abbott (1950) reports that empty shells 
of this species are plentiful in reef pools at 
Cocos-Keeling Atoll. 
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Fic. 17. Tonna cepa (RGding). Onotoa Atoll, Gilbert 
Islands (USNM 607555). 


GEOGRAPHIC RANGE: USNM collections are 
from East Africa and Mauritius eastward to 
Fiji, and from the Ryukyu Islands south to 
New Guinea. Uncommon in Micronesia. Not 
reported from Hawaii. 


Tonna perdix (Linné, 1758). 
Hirase and Taki (1951) pl. 98, fig. 7; Tinker 
(1952) p. 132, figs. on p. 133; Morris 
(1952) p. 183, pl. 38, fig. 11. 


Characteristically 4.5 to 7 inches long and 
elongate with a raised spire. See T. cepa tor 
comparative description. 


T. perdix lives in offshore ocean waters, but 
empty shells are frequently washed ashore. 
According to Tinker (1949), this species oc- 
curs in less than 10 to well over 100 feet of 
water but is most abundant in depths greater 
than 75 feet. Allan (1950) reports T. perdix 


to be a common shell on the outer reefs of 


northern Australia. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa eastward through the Indian 
and Pacific oceans to Hawaii and Samoa. Re- 
ported from southern Japan and the Great 
Barrier Reef, Australia. A fairly common spe- 
cies in the Indo-Pacific. 


Genus MALEA Valenciennes, 1833 


Malea pomum (Linné, 1758). 
Hirase and Taki (1951) pl. 98, fig. 3 [as 
Quimalea pomum (Linné)]; Tinker (1952) 
p. 136, 3 figs. on p. 137; Morris (1952) 
p. 183, pl. 38, fig. 12. 


Characteristically 2 to 3 inches long with 
well-defined teeth on its thickened outer lip. 

The recent Micronesian collections contain 
many empty shells taken from seaward reefs 
and beaches, indicating that M. pomum lives 
in deeper water beyond the reef edge. Ac- 
cording to Tinker (1949), this species is the 
third most abundant member of the Tonnidae 
in Hawaii. He reports that it is most numerous 
at depths of about 100 feet, is occasionally 
taken in shallower water, and is uncommon 
at depths of less than 40 or 50 feet. 

GEOGRAPHIC RANGE: Common in Micro- 
nesia, though rarely found alive. USNM col- 
lections are from East Africa eastward through 
the Indian and Pacific oceans to Samoa, and 
from the Ryukyu and Hawaiian islands south 
to the Celebes and New Caledonia. Reported 
from northern Australia. 


Family MURICIDAE— Murex and 
Rock Shells 
Genus Murex Linné, 1758 
Subgenus Cuicoreus Montfort, 1810 


Murex (Chicoreus) brunneus (Link, 1807) 
adustus Lamarck, 1822). 

Hirase and Taki (1951) pl. 109, fig. 4 [as 
Chicoreus rubicundus (Perry). 


(syn. 


Characteristically 1.5 to 2 inches long. 

Ordinarily found in quiet, protected water 
from about 1 foot below low tide line to 
depths of 150 to 200 feet. Specimens studied 
were collected from crannies in both dead and 
living coral on small lagoon reefs, and also 
from among coral-algal rock on sandy lagoon 
floors. 

GEOGRAPHIC RANGE: USNM records are 
from Mauritius and the coast of India east- 
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ward through the Indian and Pacific oceans 
to the Marshall, Gilbert, and Samoan islands, 
and from southern Japan, the Ryukyu and 
Mariana islands south to New Guinea and 
New Caledonia. Reported from northern Aus- 
tralia, but not found in Hawaii. Fairly com- 
mon in Micronesia. 


Genus Drupa Réding, 1798 


Drupa grossularia R6ding, 1798 (syn. digitata 

Lamarck, 1816). 

Tinker (1952) p. 96, 3 figs. on p. 97 [as 
D. digitata Lamarck]; Morris (1952) p. 
187, pl. 39, fig. 3, col. pl. 8, fig. 5 [as 
Sistrum digitatum Lamarck]; Kira (1955) 


pl. 23, fig. 3. 


Characteristically 1 to 1.5 inches long, with 
an Orange aperture and, in adult specimens, 
with fingerlike protuberances on the outer 
lip. This Drupa is commonly so encrusted 
with coralline algae, vermetids, Foraminifera, 
and other growth, that its shape is entirely 
obscured and it appears to be part of its 
substrate. 

Ordinarily found on windward ocean reef 
flats, clinging to the rocks near low tide line. 
Less frequently occurs on leeward ocean reefs. 
Only one specimen in the recent Micronesian 
collections was from a lagoon habitat. It was 
taken alive from coral-algal rock at a depth 
of 32 to 38 feet in the lagoon entrance west 
of Saipan 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific, and fairly common in Micronesia. 
USNM collections are from Formosa and the 
Philippines eastward to the Hawaiian, Society, 
and Tuamotu islands, and from the Ryukyus 
south to New Guinea and Fiji. Reported from 
northern Australia. In the Indian Ocean, D. 
grossularia is replaced by the subspecies D 
lobata which is recognized by its dark brown 
aperture. 


Drupa morum Roding, 1798 (syn. horrida 
Lamarck, 1816; violacea Schumacher, 1817: 
neritoides Gmelin, 1791, not Linné, 1758). 
Hirase and Taki (1951) pl. 110, fig. 8; 
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Tinker (1952) p. 94, 3 figs. on p. 95 [as 
D. horrida Lamarck}; Kira (1955) pl. 23, 
fig. 8. 

Characteristically about one three- 
fourths inches long. 

D. morum lives among rocks and in crannies 
of windward ocean reef flats. It is also com- 
mon on windward lagoon reef flats of broad 
atolls, such as Bikini and Eniwetok, where 
the surf is strong, but it seldom occurs on 
leeward reefs. Ordinarily, it is found near low 
tide line, or on the reef edge, but it has also 
been taken from tide pools across the entire 
reef flat. Specimens are commonly so over- 
grown with coralline algae, vermetids, Fora- 
minifera, and Hipponix they are almost indis- 
tinguishable from the reef surface. 

GEOGRAPHIC RANGE: USNM collections are 
from Mauritius eastward through the Indian 
and Pacific oceans to the Society and Tua- 
motu islands, and from southern Japan and 
Hawaii south to the East Indies and New 
Caledonia. Common in Micronesia. Reported 
from northern Australia and also from Clip- 
perton Island in the eastern Pacific (Hertlein 
and Emerson, 1953). 


Drupa ricinus (Linné, 1758) (syn. Aystrix 
Linné, 1758, not Lamarck, 1822; arachnoides 
Lamarck, 1816). 

Hirase and Taki (1951) pl. 110, fig. 11; 

Tinker (1952) p. 96, 3 figs. on p. 97 

Characteristically 0.75 to 1 inch long, and 
ordinarily encrusted with coralline algae, ver- 
metids and other growths. 

Habitat similar to D. morum. 

GEOGRAPHIC RANGE: USNM collections are 
from Mauritius eastward through the Indian 
and Pacific oceans to the Marquesas Islands, 
and from southern Japan and Hawaii south 
to the Great Barrier Reef, Australia, and New 
Caledonia. Very common in Micronesia. 
Hertlein and Emerson (1953) report D. ricinus 
from Clipperton Island in the eastern Pacific. 
Drupa rubusidaeus Réding, 1798 (syn. hystrix 

Lamarck, 1822). 

Hirase and Taki (1951) pl. 110, fig. 10. 
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Characteristically 1 to 1.25 inches long. 

Lives on both windward and leeward ocean 
reef flats, under rocks and loose coral and in 
tide pools near, or a few feet below, low tide 
line. Also taken on living coral heads (Poci/- 
lopora sp.) off the seaward reef edge in 10 to 
15 feet of water. 


GEOGRAPHIC RANGE: USNM collections are 
from East Africa and Mauritius eastward 
through the Indian and Pacific oceans to the 
Society and Tuamotu islands, and from the 
Ryukyu Islands south to New Guinea and 
New Zealand. Reported from northeastern 
Australia but not from Hawaii. Uncommon 
in Micronesia. 


Genus MoruLA Schumacher, 1817 


Morula anaxeres (Kiener, 1836). 


Fic. 18. Morula anaxeres (Kiener). Ifaluk Aroll, 
Caroline Islands (USNM 614192). 


Characteristically about one-half inch long 
with prominent white tubercules and a pol- 
ished, dark brown aperture. 

Ordinarily lives under rocks and in rocky 
tide pools of windward ocean reef flats. Also 
found on leeward ocean reefs and on wind- 
ward lagoon reefs. Occurs from the upper 


intertidal zone to just shoreward of the reef 


edge. 

GEOGRAPHIC RANGE: USNM collections are 
from the west coast of India, and the Philip- 
pine, Caroline, and Marshall islands. There is 
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one USNM record from Palmyra Atoll but 
none from Hawaii. Reported from the Ryu- 
kyu Islands. Uncommon in Micronesia. Prob- 
ably more widespread and possibly recorded 
as M. wva because of its similarity to that 
common species. 


Morula concatenata (Lamarck, 1822) (syn. fra- 

gum Blainville, 1832). 

Hirase and Taki (1951) pl. 110, fig. 18. 

Characteris’ ~ally about one inch long and 
yellowish-white with a purple-violet or orange- 
red aperture. 

The recent Micronesian collections contain 
but one specimen, found living on small 
lagoon reefs in about one foot of water at 
Eniwetok. According to earlier USNM collec- 
tion notes, M. concatenata occurs exclusively 
on living coral. 

GEOGRAPHIC RANGE: USNM records are 
from Mauritius eastward through the Indian 
and Pacific oceans to the Hawaiian and So- 
ciety islands, and from the Ryukyu Islands 
south to New Guinea and Fiji. Uncommon in 
Micronesia. 


Morula elata (Blainville, 1832) (syn. spectrum 
Reeve, 1846; ochrostoma Tryon, 1880, not 
Blainville, 1832). 


Characteristically 0.75 to 1 inch long and 
white both exteriorly and within the aperture. 
Lives on small lagoon reefs, on coral in 
channels between reef segments and on sea- 


Fic. 19. Morula elata (Blainville). Kwajalein Atoll, 
Marshall Islands (USNM 486005). 
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ward reef flats, both windward and leeward, 
from about low tide line to depths of 25 feet. 
According to Bayer, M. elata occurs exclu- 
sively on branches of living coral, most fre- 
quently on Porites sp., but also on Stylophora 
sp. and Seriatopora sp. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM collections are from Java 
and Borneo east to the Tuamotu Islands, and 
from southern Japan and Hawaii south to 
Queensland, Australia, and Fiji. Fairly com- 
mon in Micronesia. 


Morula fiscella (Gmelin, 1791). 
Tinker (1952) p. 92, 3 figs. on p. 93. 


Characteristically about 0.75 to 1 inch long 
with brown bands and a pale violet aperture. 

The recent Micronesian collections contain 
only two lots of this species, one found under 
rocks in a tide pool on the seaward reef flat 
at Ifaluk and the other found among inter- 
tidal rocks of Tomil Harbor beach, Yap. 

GEOGRAPHIC RANGE: USNM records are 
from South Africa, Mauritius, Java, Borneo, 
Gulf of Siam, China coast, southern Japan, 
the Philippines, northern Australia, and Fiji. 
Reported from Hawaii. Uncommon in Mi- 
cronesia. 


Morula granulata (Duclos, 1832). (syn. tuber- 

culata Blainville, 1832). 

Hirase and Taki (1951) pl. 110, fig. 15; 
Tinker (1952) p. 90, 2 figs. on p. 91 [as 
M. tuberculata Blainville}; Morris (1952) 
p. 187, pl. 39, fig. 11 [as M. tubercula 
Blainville]. 

Characteristically about one inch long. 

Habitat similar to that of Drupa morum. 


GEOGRAPHIC 
from 


RANGE: 
the entire coast 


USNM records are 
of Africa eastward 


through the Indian and Pacific oceans to the 
Society and Tuamotu islands, and from south- 
ern Japan and Hawaii south to the East Indies, 
New Guinea, and New Caledonia. Common 
in Micronesia, but not reported from Aus- 
tralia. 
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Morula ochrostoma (Blainville, 1832). 
Tinker (1952) p. 90, 5 figs. on p. 91 (poor). 


Characteristically 1 to 1.5 inches long. En- 
tirely white except for its orange aperture 
which distinguishes it from M. e/ata. 

Lives among rocks and corals on seaward 
and lagoon reef flats, both windward and lee- 
ward, from near low tide line to a depth of 
6 feet or so. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM records are from the Phil- 
ippines eastward to the Hawaiian and Society 
islands, and from southern Japan south to 
Queensland, Australia, and the Loyalty Is- 
lands. Uncommon in Micronesia. 


Morula triangulatum (Pease, 1867). 


Fic. 20. Morula triangulatum (Pease). 
Atoll, Marshall Islands (USNM 581860). 


Eniwetok 


Characteristically 0.75 to 1 inch long with 
a purple aperture, and triangular in shape. 

Lives among rocks and in tide pools of 
both windward and leeward ocean reef flats 
from the lower to the upper intertidal zone. 

GEOGRAPHIC RANGE: USNM records are 
from the Red Sea, Mauritius, the East Indies, 
the Philippine, Marshall, Hawaiian, Line, Tua- 
motu, Samoan, Tonga, and Fiji islands and 
from the Schouten Islands off New Guinea. 
Fairly common in Micronesia. 


Morula uva Roding, 1798 (syn. nodus Lamarck, 
1816; morus Lamarck, 1822). 
Morris (1952) p. 187, col. pl. 8, fig. 1; pl. 
39, fig. 2 [as M_ nodus St. Vincent]. 
Characteristically 0.5 to 0.75 inch long 


Found in crannies or among rocks on ex- 
posed reef flats, both seaward and lagoon. 
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Has also been taken, though uncommonly, 
from small reefs on lagoon floors. 

GEOGRAPHIC RANGE: USNM records are 
from South Africa and Mauritius eastward 
through the Indian and Pacific oceans to the 
Tuamotu and Society islands and to Clipper- 
ton Island in the eastern Pacific, and also from 
the Ryukyu and Hawaiian islands south to the 
East Indies and Fiji. Reported from northern 
Australia. Common in Micronesia. 


Genus MACULOTRITON Dall, 1904 
Maculotriton digitalis (Reeve, 1844). 


Fic. 21. Maculotriton digitalis (Reeve). Ifaluk Atoll, 
Gilbert Islands (USNM 614193). 


Characteristically about one-half inch long. 
Sculptured with spiral cords and low, broad 
transverse ribs. Whitish in color with a spiral 
pattern of yellowish or chestnut-brown spots, 
which is frequently obscured. 

Ordinarily found under rocks and in tide 
pools on windward ocean reef flats. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM records are from southern 
Japan, the Bonin, Caroline, Marshall, Gilbert, 
Hawaiian, Line, Society, and Tuamotu is- 
lands. Reported from northeastern Australia. 
Uncommon in Micronesia. 


Genus THAIS Réding, 1798 
Thais armigera (Link, 1807). 

Hirase and Taki (1951) pl. 110, fig. 2; 
Tinker (1952) p. 98, 4 figs. on p. 99 
las T. affinis Reeve}. 

Characteristically about three inches long 

and whitish with a yellowish-pink aperture. 

Ordinarily found clinging to rocks of wind- 

ward ocean reef flats, just shoreward of the 
reef edge. Also occurs along windward lagoon 
margins of broad atolls where the lagoon reef 
flat exhibits features of a seaward reef. In- 
variably found in shallow water, either just 
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below low tide line or in reef flat tide pools. 
Commonly so thickly encrusted with coral- 
line algae, Foraminifera, vermetids, and Hip- 
ponix it is difficult to distinguish from the reef 
surface. 

GEOGRAPHIC RANGE: USNM records are 
from Mauritius and Cocos-Keeling Atoll in 
the Indian Ocean eastward through the Pacific 
to the Society and Tuamotu islands, and from 
southern Japan south to the Solomon Islands 
and New Caledonia. Reported from northern 
Australia and Hawaii. Fairly common in Mi- 
cronesia. 


Thais hippocastanum (Linné, 1758) (syn. acu- 
leata Deshayes, 1844; pseudohippocastanum 
Dautzenberg, 1929). 


FiG. 22. Thais bippocastanum (Linné). Kwajalein 
Atoll, Marshall Islands (USNM 607586). 


Characteristically 1.5 to 2.5 inches long. 
Resembles T. tuberosa in its shape, knobby 
surface, and yellowish-white aperture. How- 
ever, unlike T. taberosa, the brown color on 
its outer lip extends into the aperture as spiral 
bands, and the brown color on its columella 
is diffused instead of in distinct spots. 

Ordinarily lives among rocks and in sandy- 
rocky tide pools on seaward reef flats, both 
windward and leeward. Occurs across the reef 
from near low tide line to the upper intertidal 
zone. Also found, though infrequently, on 
lagoon reef flats. Specimens are often heavily 
encrusted and appear to be part of the reef 
surface. 

GEOGRAPHIC RANGE: USNM records are 
from the east coast of Africa eastward through 
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the Indian and Pacific oceans to Palmyra 
Atoll and the Tuamotu Islands, and from 
southern Japan south to New Guinea, Fiji, 
and Tonga. Fairly common in Micronesia, 
but not reported from Australia or Hawaii. 


Thais tuberosa Réding, 1798 (syn. pica Blain- 

ville, 1832). 

Characteristically 1.5 to 2.25 inches long. 
Triangular in shape and covered with broad, 
pointed knobs. Aperture typically yellowish- 
white with a few large, dark brown spots on 
both the outer lip and columella. 

The recent Micronesian collections include 
only two specimens, both from the windward 
shore of Saipan. They were found living in 
shallow water on rocky intertidal reef flats. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM records are from the Phil- 
ippines eastward through Micronesia to the 
Society and Tuamotu islands, and from south- 
ern Japan and the Ryukyu Islands south to 
northern Australia. Apparently uncommon in 
Micronesia. Not reported from Hawaii. 


Fic. 23. 
305758). 


Thais tuberosa Samoa (USNM 


Genus PURPURA Bruguiére, 1789 
Purpura persicum (Linné, 1758). 


Characteristically 2 to 3.5 inches long. Ex- 
terior brownish with spiral lines of alternating 
brown and white elongate spots. Aperture 
orange or flesh-colored. 
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Fic. 24. Purpura persicum (Linné). Ifaluk 


Caroline Islands (USNM 614202). 


Acoll, 


A single specimen was found living on the 
windward shore of Ifaluk, clinging to the 
rocky edge of the seaward reef flat, exposed 
to the breaking surf. 

GEOGRAPHIC RANGE: USNM records are 
from Mauritius, Ceylon, Cocos-Keeling 
Atoll, the East Indies, and the Philippine, 
Ryukyu, Bonin, Mariana, Caroline, Gilbert, 
and Loyalty islands. Reported from northern 
Australia but not from Japan or Hawaii. Un- 
common in Micronesia. 


Genus NASSA Réding, 1798 


Nassa sertum (Bruguiére, 1789). 

Hirase and Taki (1951) pl. 110, fig. 7 
{as Nassa francolinus Bruguiére|; Tinker 
(1952) p. 88, 5 figs. on p. 89; Morris 
(1952) p. 191, pl. 39, fig. 12. 


Characteristically 1.5 to 2 inches long. 

Ordinarily ives among rocks near or 
slightly below low tide line on both seaward 
and lagoon reef flats, commonly just shore- 
ward of the reef edge. One specimen, from 
Ifaluk, was found on a small lagoon reef in 
3 to 5 feet of water. 
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GEOGRAPHIC RANGE: USNM records are 
from Anna Island and Cocos-Keeling Atoll 
in the Indian Ocean eastward through the 
Pacific to the Society and Tuamotu islands, 
and from the Ryukyu, Hawaiian and Line 
islands south to New Guinea and New Cale- 
donia. Fairly common in Micronesia. The 
foregoing range includes N francolinus, the 
Hawaiian form or subspecies which is en- 
tirely smooth and bears well-defined tentlike 
markings. 


Family MAGILIDAE—Coral Snails 


Genus CORALLIOPHILA H. and A. Adams, 
1853 


Coralliophila bulbiformis (Conrad, 1837). 
Tinker (1952) p. 104, 2 figs. on p. 105. 


Characteristically 0.75 to 1.25 inches long. 
Shell white or yellowish, and purple within 
the aperture. Some authors regard C. bulbi- 
formis as a subspecies of C. violacea. However, 
it is here considered a distinct species, because 
its shell is covered with scaly spiral ridges, 
whereas the shell of C. violacea is relatively 
smooth. 

A single specimen was found living on a 
small lagoon reef in about 10 feet of water 
on the sandy lagoon shelf at Ifaluk. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM records are from southern 
Japan, the Ryukyu, Philippine, Caroline, Ha- 
waiian and Tuamotu islands and from Samoa, 
New Guinea, and northern Australia. Un- 
common in Micronesia. 


Coralliophila erosa (R6ding, 1798) (syn. exa- 
rata Pease, 1861; galea Reeve, 1846). 
Tinker (1952) p. 104, 3 figs. on p. 105 [as 

C. deformis Lamarck]. 


Characteristically 1.25 to 1.75 inches long. 
Shell white both exteriorly and within the 
aperture and sculptured with fine, scaly spiral 
ridges and obscure axial ribs which are par- 
ticularly prominent on the spire. 

The recent Micronesian collections contain 
only one specimen, taken from coral at a 
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depth of about six feet in the lagoon at Ifaluk. 

GEOGRAPHIC RANGE: USNM records are 
from Mauritius and Cocos-Keeling Atoll in 
the Indian Ocean eastward through the Pa- 
cific to Hawaii and Samoa, and from southern 
Japan south to the East Indies, New Guinea, 
and Fiji. Not reported from Australia. Un- 
common in Micronesia. 


Coralliophila violacea (Kiener, 1836) (syn. neri- 
toidea Gmelin, 1791; squamulosa Reeve, 
1846). 

Hirase and Taki (1951) pl. 111, fig. 8; 
Tinker (1952) p. 104, 3 figs. on p. 105 
[as C. neretoidea Lamarck]. 


Characteristically 1 to 1.5 inches long and 
whitish with a bright violet aperture. 

C. violacea is a solitary species which lives 
in pocketlike depressions on coral. It in- 
variably occurs on living corals and may be 
dependent upon them for nourishment. Speci- 
mens in the recent Micronesian collections 
were found on species of Porites on small 
lagoon reefs and on small reef patches in 
lagoons. C. violacea lives below low tide line, 
typically at depths of a few feet. 

The eggs of this species are held in capsules 
under the shell of the female until the pelagic 
larvae hatch. After a free-swimming period, 
the larvae settle upon coral, and, as noted 
above, this habitat is maintained by the adult 
form. 

GEOGRAPHIC RANGE: The commonest 
Coralliophila in the Indo-Pacific. USNM rec- 
ords are from Mauritius in the Indian Ocean 
eastward through the Pacific to the Hawaiian 
and Tuamotu islands, and from southern 
Japan south to northern Australia and the 
Loyalty Islands. 


Genus Quoyuta Iredale, 1912 


The collections studied include two species 
of Quoyula; Q. monodonta with very fine, spiral 
ridges, and Q. madreporarum with coarser, 
scaly spiral ridges. Q. madreporarum tends to 
be more elongate than Q. monodonta. How- 
ever, both species vary in shape, because they 
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live embedded in coral, and their shells be- 
come adapted to the configuration of the 
narrow Cavities in which they reside. Thus the 
only consistent means of recognition is the 
difference in external sculpture. The sculptur- 
ing is, however, commonly obscured by en- 
crustations, and consequently it is difficult to 
distinguish one species from the other. 


Quoyula madreporarum (Sowerby, 1834). 
Tinker (1952) p. 104, 3 figs. on p. 105 [as 
Rhizochilus madreporarum Sowerby]. 


Micronesian specimens are characteristic- 
ally 0.5 to 0.75 inch long, but Hawaiian speci- 
mens attain lengths of 1.25 inches. Shell 
whitish with a purple aperture. 

Q. madreporarum lives embedded in pocket- 
like depressions on coral. It is ordinarily 
found a few feet below low tide line on small 
lagoon reefs or on seaward reef flats. It ap- 
parently lives exclusively on living coral and 
commonly on branching species. Specimens 
in the present collections were found on spe- 
cies of Stylophora, Pocillopora and Montipora. 
Encrustations on the shells of both Q. madre- 
porarum and Q. monodonta make them difficult 
to distinguish from their coral substrate. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM records are from southern 
Japan, the Caroline, Marshall, and Hawaiian 
islands, and from Johnston Island and Pearl 
and Hermes Reef. Uncommon in Micronesia. 


Quoyula monodonta (Blainville, 1832). 
Hirase and Taki (1951) pl. 111, fig. 14. 


Characteristically about one-half inch long 
and whitish with a purple aperture. Perfect 
specimens possess a single tooth at the base 
of the columella. 

Q. monodonta \ives in pocketlike depres- 
sions on coral. The recent Micronesian col- 
lections indicate that it occurs exclusively on 
living coral, typically on branching species 
such as Pocillopora, Seriatopora, and Stylophora, 
and on branching forms of Porites. It is most 
commonly found on small reefs in lagoons or 
protected harbors, from slightly below low 
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tide line to depths of 30 or 40 feet, but it has 
also been taken on seaward reef flats, just 
shoreward of the reef edge. At Ifaluk, speci- 
mens were found with egg cases enveloped 
under the foot. 

GEOGRAPHIC RANGE: USNM records are 
from the Red Sea and Ceylon in the Indian 
Ocean eastward through the Pacific beyond 
the Hawaiian and Tuamotu islands to the 
coast of Lower California at Cape San Lucas, 
Acapulco, and Espiritu Santo Island; and also 
from the Philippine and Mariana islands south 
to Queensland, Australia, and the Loyalty 
Islands. Reported from southern Japan. Very 
common in Micronesia. 


Genus MAGiILus Montfort, 1810 


Magilus antiquus Montfort, 1810. 


Fic. 25. Magilus antiquus Montfort. Composite 
drawing of two specimens from Saipan, Mariana Is- 
lands (USNM 595414). 


M. antiquus is a molJusk of curious behavior 
and specific habitat. It begins life as a free- 
living gastropod with a symmetrically shaped 
shell but soon settles upon living coral, be- 
comes embedded, and develops an extraor- 
dinary shell. As the coral grows, M. antiquus 
secretes a tubelike extension of its aperture. 
It stops up its original shell with calcareous 
material, then vacates it, and lives in the free 
end of the tube, which extends to and opens 
upon the surface of the coral. It is not known 
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whether M. antiquus obtains nourishment 
directly from the coral or whether it receives 
its food from the surrounding water through 
the open tube. 


Both the primary shell and its tubular ex- 
tension are calcareous and chalky white. The 
primary shell is typically about 1 inch long; 
the tube may be as long as 6 inches. 

The recent Micronesian collections contain 
only two specimens, taken alive in 5 to 10 
feet of water from the lagoon off Mafagaha 
Island, Saipan. They were obtained from a 
solid head of living Goniastraea retiformis 
(Lamarck) by breaking open the coral. 

GEOGRAPHIC RANGE: USNM records are 
from Mauritius, Ceylon, Cocos-Keeling Atoll, 
Java, southern Japan, and Saipan only. Re- 
ported from northern Australia and from Ha- 
waii. M. antiquus is probably more abundant 
than the above records indicate but has rarely 
been collected because of its inconspicuous 
mode of life. 


Genus MAGILopsis Sowerby, 1919 


Magilopsis lamarcki (Deshayes, 1863). 

Hirase and Taki (1951) pl. 111, fig. 18 [as 
Leptoconchus lamarkii Deshayes)]; Tinker 
(1952) p. 104, 3 figs. on p. 105 [as Lepto- 
conchus lamarkii Deshayes]. 


Uncommon in collections, probably be- 
cause it lives embedded in coral and, conse- 
quently, las been overlooked. The shell of 
M. lamarcki is thin, elongate, characteristic- 
ally chalky white, and about an inch long. 
Unlike Magilus antiquus, it does not secrete a 
tube. 


Among the specimens studied, one was 
collected by Morrison at Eniwetok, slightly 
below low tide line on the leeward lagoon 
reef flat. He reports that M. damarcki occurs 
in burrows in living coral, oriented apex 
down. The burrows have only a small open- 
ing at the coral surface, like the holes of 
boring clams of the genus Lithophaga. At 
Raroia Atoll, in the Tuamotus, Morrison 
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found the commensal clam Barclayia incerta 
(Deshayes) living in the same burrow with 
M. lamarcki. They were embedded at the base 
of coral (Acropora spp.) on the leeward ocean 
reef flat. Specimens from Saipan were em- 
bedded, apex down, in slightly irregular bur- 
rows in living Goniastrea retiformis Lamarck. 
A single dead specimen was found at Onotoa 
on living coral in 5 to 20 feet of water in a 
pass through the leeward reef. USNM speci- 
mens from Hawaii, collected by Ditley Thaa- 
num, were taken from a depth of 150 to 300 
feet off Waikiki. They also were embedded 
in coral. Thaanum observed that the shells 
were unattached but the burrows were so nar- 
row the mollusks could not turn within them. 

The eggs of M. /amarcki are laid in capsules 
and remain within the parental burrow until 
they hatch into pelagic larvae, which even- 
tually settle on coral and form their own 
chambers. 


GEOGRAPHIC RANGE: Collection records for 
M. lamarcki are few, but they indicate a wide- 
spread occurrence in the Indo-Pacific. USNM 
specimens are from Mauritius in the Indian 
Ocean and from the Mariana, Marshall, Gil- 
bert, Hawaiian, and Tuamotu islands in the 
Pacific. The species is reported also from 
southern Japan and Formosa. 


Family COLUMBELLIDAE—Dove Shells 
Genus COLUMBELLA Lamarck, 1799 


Columbella turturina Lamarck, 1822. 
Kira (1955) pl. 28, fig. 6. 


Characteristically about one-half inch long 
with a yellow or whitish exterior, a white 
aperture, and pink outer and inner lips. 


Lives on small lagoon reefs at depths of 10 
to 30 feet. Two specimens in the recent Mi- 
cronesian collections were found living on 
colonies of Seriatopora sp. 

GEOGRAPHIC RANGE: USNM records are 
from Ceylon and Cocos-Keeling Atoll east- 
ward to Hawaii and Samoa, and from southern 
Japan south to northern Australia and the 
Loyalty Islands. Uncommon in Micronesia. 
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Fic. 26. Columbella turturina Lamarck. Onotoa Atoll, 
Gilbert Islands (USNM 607538). 
Family BUCCINIDAE—Buccinid Snails 
Genus CANTHARUS Roding, 1798 
Subgenus POLLIA Sowerby, 1834 


Cantharus (Pollia) fumosus (Dillwyn, 1817). 


Characteristically 0.75 to 1.5 inches long. 


Closely resembles C. wndosus with its raised 
brown spiral cords, white aperture with orange 
lips, and hairy periostracum. However, C. 
fumosus is more elongate and, unlike C. an- 
dosus, possesses axial ribs. 

The recent Micronesian collections include 
only one lot of four specimens taken among 
intertidal rocks of Tomil Harbor beach, Yap 
Island. 


Fic. 27. Cantharus (Pollia) fumosus (Dillwyn). Cebu, 
Philippines (USNM 419449). 
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GEOGRAPHIC RANGE: Apparently more 
widespread than C. wndosus, particularly in the 
Indian Ocean where C. wndosus is reported 
only from Cocos-Keeling Atoll. USi.M rec- 
ords are from Mauritius, the Red Sea, and the 
coast of India, eastward through the Indian 
and Pacific oceans to the Society and Tua- 
motu islands; and from southern Japan south 
to New Guinea and Fiji. Uncommon in Mi- 
cronesia. Not reported from Hawaii. 


Cantharus (Pollia) undosus (Linné, 1758). 


Fic. 28. Cantharus (Pollia) undosus (Linné). Luzon, 
Philippines (USNM 303327). 

Characteristically about one and one-half 
inches long with numerous, dark brown, 
evenly spaced, raised spiral cords on all whorls 
and typically covered with a hairy periostra- 
cum. Aperture white with dark orange lips. 
Resembles C. fumosus but may be distinguished 
from that species by its broader shell and its 
complete lack of axial ribs. 

C. undosus ordinarily lives in rock crevices 
on seaward reef flats, near or a few feet below 
low tide line. It also occurs in reef flat tide 
pools above low tide line and on small lagoon 
reefs at depths of a few feet. 

GEOGRAPHIC RANGE: USNM collections are 
from Cocos-Keeling Atoll in the Indian 
Ocean eastward through the Pacific to the 
Society and Tuamotu islands, and from the 
Marianas south to New Guinea and the 
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pan and the Great Barrier Reef, Australia, 
but not from Hawaii. Fairly common in 
Micronesia. 


Genus ENGINA Gray, 1839 


Engina mendicaria (Linné, 1758). 

Hirase and Taki (1951) pl. 105, fig. 8. 

Characteristically one-half inch long and 
blackish brown with spiral yellowish-white 
bands and a brown aperture. 

Ordinarily lives under rocks near or just 

, below low tide line on seaward reef flats, both 

windward and leeward. Also found in rocky 
tide pools across the entire reef flat. 

GEOGRAPHIC RANGE: USNM records for 
this common Indo-Pacific species are from 
the Red Sea and Mauritius eastward through 
the Indian and Pacific oceans to Samoa, and 
from southern Japan and Hawaii south to the 
Loyalty and Tonga islands. 


Genus COLUBRARIA Schumacher, 1817 


Colubraria strepta Cossmann, 1903. 
Hirase and Taki (1951) pl. 105, fig. 2; 
Tinker (1952) p. 80, 2 figs. on p. 81. 

Characteristically 1.5 to 2 inches long. 

The only specimen in the recent Microne- 
sian collections was taken off Ine Village, 
Arno Atoll, on rocks on a small lagoon reef 
in about 6 feet of water. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific and uncommon in Micronesia. 
USNM records are from New Guinea, the 
Marshall, Line, Hawaiian, and Tuamotu is- 
lands, and from Fiji and Samoa. 


Genus CADUCIFER Dall, 1904 


Caducifer decapitatus (Reeve, 1844). 


Characteristically about three-fourths inch 
long. Columnar in shape and white with thin 
brown axial ribs interrupted by a few white 
spiral lines. Invariably found with its apex 
broken. 


Loyalty Islands. Reported from southern Ja- 


FiG. 29. Caducifer decapitatus (Reeve). Oshima Osu- 
mi, Japan (USNM 273493). 


At Onotoa and Saipan C. decapitatus was 
collected from crannies in both living and 
dead coral on small lagoon reefs and in shal- 
low passes between seaward reefs. At Arno 
Atoll, it was found on branching coral (Poci/- 
lopora sp.) off the seaward reef edge. It or- 
dinarily lives below low tide line, commonly 
at depths of 4 to 10 feet. 

GEOGRAPHIC RANGE: USNM records are 
from Mauritius, southern Japan, and the Ma- 
riana, Gilbert, Fiji, Samoan and Hawaiian 
islands. Uncommon in Micronesia. 


Family NASSARIIDAE—Mud Snails 
Genus NAssARIUS Dumeril, 1806 


Nassarius crenelliferus (A. Adams, 1851). 


Characteristically 0.75 to slightly less than 
1 inch long and grayish with two indistinct 
dark brown spiral color bands on the body 
whorl. Outer lip and parietal callus polished 
white. 

The recent Micronesian collections contain 
only one specimen which was found living 


Fic. 30. Nassarius crenelliferus 


(A, Adams). 
Island, western Carolines (USNM 614204). 


Yap 
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among intertidal rocks on the beach at Tomil 
Harbor, Yap. 

GEOGRAPHIC RANGE: USNM records of this 
uncommon Micronesian species are from 
southern Japan, the Gulf of Siam, and the 
Caroline Islands. Not reported from Australia 
or Hawaii. 


Nassarius jonasi (Dunker, 1846). 


Fic. 31. Nassarius jonasi (Dunker.) Yap Island. 
western Carolines (USNM 614205), 


Characteristically 0.5 to 0.75 inch long with 
a conspicuous parietal callus and prominent 
axial ribs on the body whorl. Shell medium 
brown. Callus, lips, and teeth polished white. 

According to Allan (1950), N. onasi lives 
in estuaries and lagoons and is ordinarily 
found in shallow water among seaweed. The 
recent Micronesian collections only contain 
one specimen, an individual found living 
among intertidal rocks on the beach at Tomil 
Harbor, Yap. 

GEOGRAPHIC RANGE: The above-mentioned 
specimen from the Caroline Islands is the only 
USNM record. Reported from northern Aus- 
tralia and New South Wales, but not from 
Hawaii. Uncommon in Micronesia. 


Nassarius papillosus (Linné, 1758). 
Tinker (1952) p. 82, 2 figs. on p. 83; Morris 
(1952) p. 190, pl. 39, fig. 16. 


Characteristically about 1.5 to 2 inches long 
and light brown or fawn-coiored with con- 
spicuous white nodules. 

Ordinarily lives on sandy lagoon floors and 
in sand pockets on small lagoon reefs, ranging 
from low tide line to depths of 10 or 20 feet. 
One specimen was collected at Onotoa from 
a sand pocket below low tide line on the 
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leeward ocean reef. Apparently N. papillosus 
is a Carnivorous scavenger which feeds upon 
other mollusks and upon decaying organic 
matter. It is frequently collected from lobster 
traps to which it is presumably attracted by 
the bait. 

GEOGRAPHIC RANGE: USNM records of this 
fairly common Micronesian species are from 
Mauritius, Cocos-Keeling Atoll, Hong Kong, 
southern Japan, and from the Philippine, 
Caroline, Gilbert, Line, and Hawaiian islands. 
Reported from northern Australia. 


Family FASCIOLARIIDAE—Spindle Shells 
Genus FASCIOLARIA Lamarck, 1799 


Fasciolaria filamentosa (R6ding, 1798). 
Hirase and Taki (1951) pl. 99, fig. 12. 


Characteristically 4 to 6 inches long and 
yellowish or flesh-colored with many dark 
brown spiral grooves. 

Lives among coral below low tide line off 
the outer edge of seaward reefs. 

GEOGRAPHIC RANGE: USNM records are 
from Tanganyika, East Africa, Mauritius and 
Cocos-Keeling Atoll in the Indian Ocean, 
and from the Ryukyu, Palau, Caroline and 
Marshall islands in the Pacific. Reported from 
Australia but not from Hawaii. Fairly com- 
mon in Micronesia. 


Genus LATIRUS Montfort, 1810 
Latirus barclayi (Reeve, 1847). 


Adult specimens characteristically measure 
2 to 4 inches long. Shell whitish with a straw- 
colored periostracum and commonly dark 
brown between the broad axial nodes. Aper- 
ture white within. 

Lives on sandy lagoon bottoms and among 
rocks on seaward reef flats, from near low tide 
line to depths of 20 feet. 

GEOGRAPHIC RANGE: USNM records are 
from Mauritius, Cocos-Keeling Atoll, the 
Philippine, Mariana, and Marshall islands, 
and from Samoa and Fiji. Uncommon in 
Micronesia. Not reported from Hawaii. 
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Fic. 32. Latirus barclayi (Reeve). Guam, Mariana 
Islands (USNM 487445). 


Genus PERISTERNIA MOrch, 1852 


Peristernia chlorostoma (Wood, 1828). 
Tinker (1952) p. 76, 3 figs. on p. 77. 


Characteristically 0.75 to 1 inch long with 
a canary yellow aperture. 

P. chlorostoma \ives on seaward and lagoon 
reef flats, both windward and leeward, among 
rocks and loose coral, in tide pools, and on 
the sandy-rocky reef surface. It is most com- 
monly found near low tide line on seaward 
reef flats, just shoreward of the reef edge. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific. USNM records are from the Mar- 
shall, Phoenix, Samoan, and Tuamotu islands 
only. Reported from Hawaii. There are many 
USNM specimens from the Marshall Islands, 
but none from elsewhere in Micronesia. 


Peristernia nassatula (Lamarck, 1822). 
Hirase and Taki (1951) pl. 100, fig. 5. 


Characteristically 1.25 to 1.5 inches long 
with a violet aperture. 

P. nassatula ordinarily lives in rock crevices 
on seaward reef flats. However, one specimen 
in the recent Micronesian collections was 
taken by Cloud at night on the intertidal 
lagoon sand flats of Uliga Island, Majuro 
Atoll. 
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GEOGRAPHIC RANGE: USNM collections are 
from Cocos-Keeling Atoll in the Indian 
Ocean eastward through the Pacific to the 
Society and Tuamotu islands, and from south- 
ern Japan, the Philippine and Mariana islands 
south to the Loyalty Islands and Fiji. Fairly 
common in Micronesia. There are USNM 
specimens from the Line Islands, but none 
from Hawaii. Reported from the Great Barrier 
Reef, Australia. 


Family MITRIDAE—Micter Shells 
Genus MITRA Lamarck, 1799 


Mitra (Mitra) mitra (Linné, 1758) (syn. epis- 

copalis Linné, 1758). 

Hirase and Taki (1951) pl. 100, fig. 13; 

Tinker (1952) p. 52, figs. on p. 53 [as 
M. episcopalis Linné). 

The largest Mitra in the Indo-Pacific, com- 
monly attaining a length of 6 inches. Shell 
smooth and white with conspicuous orange 
spots. 

M. mitra typically lives on sandy lagoon 
shores in shallow water but is also found in 
sand pockets on shallow seaward reef flats. 
It ordinarily remains buried during the day 
and is active at night. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa throughout the Indian and 
Pacific oceans to the Society and Tuamotu 
islands, and from the Ryukyu and Hawaiian 
islands south to the Great Barrier Reef, Aus- 
tralia, and New Caledonia. Common in Mi- 
cronesia. Reported from southern Japan. 


Mitra (Mitra) stictica (Link, 1807) (syn. ponti- 
ficalis Lamarck, 1811; thiara Wood, 1825). 
Hirase and Taki (1951) pl. 100, fig. 12; 

Tinker (1952) p. 54, 3 figs. on p. 55. 


Characteristically 2.5 to 3 inches long, 
white with squarish orange-colored blocks, 
and nodulose below the sutures. 

Ordinarily lives in sand pockets on seaward 
reef flats, slightly below low tide line. Also 
found at depths of 5 to 15 feet in grooves 
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and surge channels just seaward of the reef 
edge. Like M. mitra, M. stictica remains buried 
during the day but comes out at night. 


GEOGRAPHIC RANGE: USNM collections are 
from East Africa throughout the Indian and 
Pacific oceans to the Society and Tuamotu 
islands, and from the Ryukyu and Hawaiian 
islands south to New Guinea and New Cale- 
donia. Reported from northern Australia. Ap- 
parently more common than M. mitra in 
Micronesia. 


Subgenus SWAINSONIA H. and A. Adams, 
1853 


Mitra (Swainsonia) casta (Gmelin, 1791). 


Fic. 33. Mitra (Swainsonia) casta Gmelin. 
Atoll, Caroline Islands (USNM 614201). 


Ifaluk 


Characteristically 1 to 2 inches long, smooth 
and white with dark brown bands above each 
suture, the brown coloring ordinarily being 
worn away, particularly on the body whorl. 

One specimen in the recent Micronesian 
collections was found living in sand between 
small reefs on the sandy lagoon slope at 
Ifaluk in about 10 feet of water. A dead 
specimen was dredged from the bottom of 
Bikini lagoon in 18 to 30 feet of water. 

GEOGRAPHIC RANGE: USNM records are 
from the Philippine, Caroline, Marshall, Fiji, 
Samoan, Tuamotu, and Marquesas islands. 
Reported from southern Japan and from the 
Loyalty Islands (Bouge and Dautzenberg, 
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1922), but not from Hawaii. Uncommon in 
Micronesia. 


Genus STRIGATELLA Swainson, 1840 


Strigatella litterata (Lamarck, 1811) (syn. b7- 
zonalis Lamarck, 1822). 
Hirase and Taki (1951) pl. 101, fig. 9; 
Morris (1952) p. 195, pl. 39, fig. 17 
(poor). 


Characteristically 1 to 1.5 inches long with 
yellowish-white hieroglyphic markings. 

Ordinarily lives below low tide line among 
rocks on seaward reef flats. Also found in 
tide pools and moist rock crevices across the 
entire reef flat. Records in recent Micronesian 
collections indicate that S. /iterata is most 
plentiful on windward ocean reefs or wind- 
ward lagoon reefs of broad atolls, although 
it has also been taken on leeward reefs. 

GEOGRAPHIC RANGE: According to USNM 
records and published reports, S. /itterata is 
distributed from East Africa (Natal, Durban, 
South Africa to the Red Sea) eastward through 
the Indian and Pacific oceans to the Society 
and Tuamotu islands, and from southern 
Japan and Hawaii south to the East Indies, 
New Caledonia, and the Loyalty Islands. Not 
reported from Australia. Very common in 
Micronesia. 


Strigatella lutea (Quoy and Gaimard, 1833) 

(syn. acuminata Swainson, 1824, not Gmel- 

in, 1791). 

Tinker (1952) p. 64, fig. on p. 65 [as M. 
acuminata Swainson]. 


Characteristically about one inch long and 
dull yellow in color. 

Lives in rocky tide pools on seaward and 
lagoon reef flats, windward and leeward. 

GEOGRAPHIC RANGE: USNM collections are 
from Mauritius eastward through the Pacific 
to the Society and Tuamotu islands, and from 
southern Japan and Hawaii south to New 
Guinea and the Solomons. Reported from 
New Caledonia but not from Australia. Un- 
common in Micronesia. 
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Strigatella paupercula (Linné, 1758). 
Hirase and Taki (1951) pl. 101, fig. 11 [as 
Mitra zebra Lamarck). 


Characteristically 1 to 1.5 inches long with 
a variable color pattern of yellowish-white 
longitudinal stripes on a dark blackish-brown 
background. 

Lives among rocks and in tide pools of 
seaward reef flats, ranging from the extreme 
seaward edge of the flat to the upper inter- 
tidal zone. Most frequently taken on wind- 
ward reefs but also found on leeward reefs. 
Abbott (1950) reports this species from shal- 
low, lagoon waters at Cocos-Keeling Atoll. 

GEOGRAPHIC RANGE: USNM collections are 
from East Africa and the Red Sea through the 
Indian and Pacific oceans to Samoa, and from 
southern Japan and Palmyra south to the 
East Indies and New Caledonia. Reported 
from Hawaii and northern Australia. Fairly 
common in Micronesia. 


Genus VEXILLUM Réding, 1798 


Vexillum (Vexillum) gruneri (Reeve, 1844). 
Characteristically about one inch long and 
white with narrow brown spiral bands. 
Frequently found intertidally along sandy 
lagoon shores. The recent Micronesian col- 
lections include two specimens taken at night 
—one from the intertidal lagoon shore of 


Fic. 34. Vexillum (Vexillum) eruneri (Reeve). Ifaluk 
Atoll, Caroline Islands (USNM 614200). 


Uliga Island, Majuro Atoll, and another from 
a lagoon sandspit at Ifaluk. One specimen 
was dredged from 72 feet of water off the 
seaward shore of Bikini Island. 


GEOGRAPHIC RANGE: USNM records are 
from southern Japan, the Philippine, Caroline, 
and Marshall islands, Samoa, and New Cale- 
donia. Reported from northern Australia but 
not from Hawaii. Uncommon in Micronesia. 


Vexillum (Vexillum) plicaria (Linné, 1758). 


Fic. 35. Vexillum (Vexillum) plicaria Linné. Anda- 
man Islands (USNM 305600). 


Characteristically about one and one-half 
inches long and white with dark brown bands 
and a dark brown apex. 

The recent Micronesian collections con- 
tain only one worn specimen, dredged from 
four feet of water off Yaptown, Yap. Speci- 
mens from the Philippines in the U. S. Na- 
tional Museum collections were dredged from 
a depth of 60 feet. 


GEOGRAPHIC RANGE: USNM collections are 
from the Andaman Islands and the East In- 
dies to New Guinea, Fiji, and southern Japan. 
Reported from northern Australia but not 
from Hawaii. Uncommon in Micronesia. 


Subgenus COsTELLARIA Swainson, 1840 


Vexillum (Costellaria) exasperata (Gmelin, 
1791). 
Tinker (1952) p. 56, 3 figs. on p. 57. 
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Characteristically 0.5 to 0.75 inch long. 
Grayish or whitish with strong axial ribs 
shouldered below the suture and crossed by 
many fine spiral grooves. The axial ribs are 
commonly whitish at the shoulders and oc- 
casionally brown in the middle of the whorl. 
Aperture white with four columellar plications. 

Lives in sandy lagoons from low tide line 
to depths of 150 feet. 


GEOGRAPHIC RANGE: According to USNM 
collections and published reports, distributed 
from South Africa and the Red Sea eastward 
through the Indian and Pacific oceans to the 
Marquesas Islands, and from the Ryukyu and 
Hawaiian islands south to the East Indies, 
New Caledonia, and the Loyalty Islands. Not 
reported from Australia. Uncommon in Mi- 
cronesia. 


Genus PUSIA Swainson, 1840 


Pusia nodosa (Swainson, 1840). 
Tinker (1952) p. 62, 2 figs. on p. 63. 


Characteristically about one-half inch long 
and white with a yellow aperture. 

Lives among rocks and in tide pools across 
seaward reef flats, ranging from just shore- 
ward of the reef edge to the upper intertidal 
zone. Specimens in the recent Micronesian 
collections were taken from both windward 
and leeward ocean reefs but not from lagoon 
reefs. 


GEOGRAPHIC RANGE: USNM collections are 
from Mauritius eastward through the Pacific 
to the Society and Tuamotu islands, and from 
southern Japan and Hawaii south to the 
Caroline Islands and New Caledonia. Not 
reported from East Africa or Australia. Fairly 
common in Micronesia. 


Genus SCABRICOLA Swainson, 1840 
Subgenus CHRYSAME H. and A. Adams, 1853 


Scabricola (Chrysame) cucumerina (Lamarck, 
1811) (syn. ferrugata Wood, 1825). 
Tinker (1952) p. 62, 3 figs. on p. 63. 
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Characteristically 0.5 to 1 inch long and 
orange-red with white blotches. 

Ordinarily lives among rocks and in tide 
pools of windward ocean reef flats, at or near 
low tide line. Not reported from lagoon reefs. 

GEOGRAPHIC RANGE: USNM collections of 
this common Micronesian species are from 
Mauritius eastward through the Pacific to the 
Hawaiian and Tuamotu islands, and from the 
Ryukyu Islands south to New Guinea and 
New Caledonia. Reported from northern 
Australia. 


Scabricola (Chrysame) pertusa (Linné, 1758). 


Fic. 36. Scabricola (Chrysame) pertusa (Linné). Ifaluk 
Atoll, Caroline Islands (USNM 614203). 


Characteristically about 1.5 to 2 inches long 
and brownish or yellowish with conspicuous 
incised spiral lines and nodulose sutures. 

There is a single specimen from Ifaluk in 
the recent Micronesian collections. It was 
found living in a sand pocket on the wind- 
ward ocean reef flat, below low tide line in 
water about one foot deep. 

GEOGRAPHIC RANGE: USNM records of this 
uncommon Micronesian species are from the 
East Indies, Philippines, Marquesas, Samoa, 
Mariana, and Caroline islands. Not reported 
from Hawaii. 


= 
oJ 
| 
ae 
4 
, 
SAFES 


Micronesian Gastropods — DEMOND 


Family VASIDAE—Vase Shells 
Genus VASUM Réding, 1798 


Vasum ceramicum (Linné, 1758). 
Hirase and Taki (1951) pl. 99, fig. 8. 


Much larger and higher spired than the 
commoner V. turbinellus. Typically 3 to 5 
inches long. 

The recent Micronesian collections include 
only two specimens, both of which were taken 
alive from rocks below low tide line on the 
windward lagoon reef flats at Ifaluk. 

GEOGRAPHIC RANGE: Apparently limited to 
the Pacific and uncommon in Micronesia. 
USNM records are from the Philippine, Mari- 
ana, Caroline, Marshall and Gilbert islands, 
New Guinea, New Caledonia, Fiji, Samoa and 
Niaufou. Reported from the Ryukyu Islands 
and northern Australia but not from Hawaii. 


Vasum turbinellus (Linné, 1758) (syn. nigra 
Perry, 1811; cornigera Lamarck, 1822). 
Hirase and Taki (1951) pl. 99, fig. 9. 


A heavy, low-spired shell, characteristically 


2.5 to 3 inches long. 

According to records with the recent Mi- 
cronesian collections, V. turbinellus lives in a 
variety of habitats. It is apparently most 
abundant on seaward reef flats, both wind- 
ward and leeward, where it lives among rocks 
and in crannies in both living and dead coral. 
The species is commonly found in turbulent 
water just shoreward of the reef edge, but it 
also occurs in tide pools across the entire reef 
flat, ranging into the upper intertidal zone. 
In addition, it has been taken from surge 
channels of seaward reefs, on windward la- 
goon reef flats, on shallow smail lagoon reefs, 
along exposed rocky beaches, and among 
seaweed on sandy lagoon shelves. It is fre- 
quently so heavily encrusted with coralline 
algae, Foraminifera, vermetids, and Hipponyx 
as to be difficult to distinguish from the reef 
surface. 

GEOGRAPHIC RANGE: USNM collections are 
from the Red Sea and Mauritius eastward 
through the Indian and Pacific oceans to 
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Samoa, and from the south China coast, the 
Ryukyu and Mariana islands south to New 
Caledonia. Reported from northern Australia 
but not from Hawaii. Very common in Mi- 
cronesia. 


Family CONIDAE—Cone Shells 
Genus CONus Linné, 1758 


Conus adamsoni Broderip, 1836 (syn. rhododen- 
dron Couthouy, 1839). 
Platt (1949) col. pl. on p. 73, fig. 5 [as C. 
rhododendron). 


A very rare species. In the entire USNM 
collections there are only two specimens, one 
taken at Samoa by the U. S. Exploring Ex- 
pedition, the other given by natives to col- 
lectors at Onotoa. There is no specific locality 
or ecologic data for either specimen The 
species is reported from Australia (Platt, 
1949), but not from Hawaii. 


Conus arenatus Hwass, 1792. 


Characteristically 1 to 2.25 inches long, 
coronate, and white with many fine, brown, 
spirally arranged spots that occasionally form 
a zig-zag or banded pattern. 

The recent Micronesian collections contain 
only two worn specimens from Tomil Harbor, 
Yap; one from four feet of water in the harbor, 
the other from among dead coral heads on the 
tidal flat. 


FiG. 37. Conus arenatus Hwass. Cebu, Philippines 
(USNM 303520). 
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GEOGRAPHIC RANGE: USNM collections are 
from all along the east African coast, eastward 
through the Indian and Pacific oceans to the 
Cook Islands, and from southern Japan south 
to northern Australia; but the species is un- 
common in Micronesia. Not found in Hawaii. 


Conus aulicus Linné, 1758 (syn. episcopus Hwass, 
1789). 
Platt (1949) p. 53, col. fig. 17; Kira (1955) 
pl. 37, fig. 14. 


Characteristically 1.75 to 6 inches long and 
reddish-brown with white tent-shaped mark- 
ings. Although some workers consider C. 
episcopus Hwass to be a distinct species, it is 
here considered synonymous with C. aulicus. 

Lives among rocks on seaward reef flats, 
ordinarily along windward shores. Like many 
cones, C. aulicus has a venomous bite. An 
account of poisonous cone species, of wounds 
received, and of the biting mechanism is given 
by Clench and Kondo (1946). Like most 
cones, C. aulicus is nocturnal. 


GEOGRAPHIC RANGE: USNM records are 
from Cocos-Keeling Atoll eastward through 
the Pacific to the Tuamotu Islands, and from 
the Ryukyu Islands south to northern Aus- 
tralia and New Caledonia, but the species is 


uncommon in Micronesia. Not found in 
Hawaii. 


Conus capitaneus Linné, 1758. 
Hirase and Taki (1951) pl. 114, fig. 3. 


Characteristically 1.25 to 2.5 inches long. 

The recent Micronesian collections include 
only three worn specimens. One was dredged 
from Tomil Harbor, Yap. Another was found 
among beach drift at Burok Island, Rongelap. 
The third, for which there is no specific lo- 
cality data, is from Ifaluk. 

GEOGRAPHIC RANGE: According to USNM 
records and published reports, this uncom- 
mon Micronesian species is found all along 
the African coast, eastward through the Indian 
and Pacific oceans to Tonga and Samoa; and 
from southern Japan, the Mariana, and Mar- 


PACIFIC SCIENCE, Vol. XI, July, 1957 


shall islands south to eastern Australia. Not 
reported from Hawaii. 


Conus catus Hwass, 1789. 
Tinker (1952) p. 34, 2 figs. on p. 35; Kira 
(1955) pl. 36, fig. 16. 

Characteristically 1.5 to 2.5 inches long and 
dark brown with irregular white spots. 

Ordinarily lives under rocks and loose coral 
on windward ocean reef flats. Not reported 
from lagoon reefs. 

GEOGRAPHIC RANGE: According to USNM 
records and published reports, this common 
Indo-Pacific cone occurs from Africa and the 
Red Sea eastward through the Indian and 
Pacific oceans to the Society and Tuamotu 
islands, and from southern Japan and Hawaii 
south to northern Australia and New Cale- 
donia. 


Conus chaldeus (R6ding, 1798) (syn. vermicula- 
tus Lamarck, 1822). 
Tinker (1952) p. 44, 2 figs. on p. 45 [as 
C. vermiculatus\; Kira (1955) pl. 36, fig. 


Characteristically 0.75 to 1.25 inches long. 
Body whorl white with dark brown, elongate 
vertical markings. Resembles, and is com- 
monly found with, C. ebraeus, but may be 
distinguished from that species by the elong- 
ate markings on its shell which are unlike the 
squarish color blocks of C. ebraeus. 

Ordinarily lives among rocks on seaward 
reef flats, both windward and leeward, but also 
reported from exposed, windward lagoon reef 
flats. Characteristically found below low tide 
line, generally in the extreme seaward zones 
of the reef, but also occurs in tide pools across 
the reef flat. 


GEOGRAPHIC RANGE: USNM records of this 
common Indo-Pacific species are from East 
Africa and Mauritius eastward through the 
Indian and Pacific oceans to the Society and 
Tuamotu islands; and from southern Japan 
and Hawaii south to the East Indies, New 
Guinea, and Fiji. Reported from northern 
Australia. 
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Fic. 38. Conus coronalis (R6ding). Ifaluk Atoll, 
Caroline Islands (USNM 614199). 


Conus coronalis (R6ding, 1798) (syn. piperatus 

Reeve, 1844). 

Characteristically 0.66 to 1.25 inches long. 
Body whorl bluish-gray with irregular brown 
flammules, spiral grooves, and granules. Spire 
coronate. Resembles C. miliaris but may be 
distinguished from that species by the dark 
brown coloration within its aperture and the 
dark brown flammules on its body whorl. 

Ordinarily lives among rocks on windward 
ocean reef flats, generally at or near low tide 
line just shoreward of the reef edge. Not re- 
ported from lagoon reef flats. 


GEOGRAPHIC RANGE: USNM collections of 
this common Micronesian species are from 
the entire east African coast eastward through 
the Indian and Pacific oceans to the Society 
and Tuamotu islands; and from the Ryukyu 
and Line islands south to the East Indies, 
New Guinea, and New Caledonia. Not re- 
reported from Australia or from southern 
Japan. Not found in Hawaii. 


Conus distans Hwass, 1792. 
Tinker (1952) p. 32, 2 figs. on p. 33; Kira 
(1955) pl. 37, fig. 4. 


Characteristically 2.25 to 4 inches long and 
covered with a heavy yellowish periostracum. 
Resembles C. virgo but may be distinguished 
from that species by its coronate spire. 

Ordinarily lives among rocks on seaward 
reef flats near or below low tide line. Ap- 
parently most abundant on the outer portion 
of windward ocean reef flats but also taken 
on the seaward reef edge, in tide pools across 
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the entire seaward reef flat, and in shallow 
water on lagoon reef flats. 

GEOGRAPHIC RANGE: USNM records are 
from the Philippines eastward through the 
Pacific to the Hawaiian and Society islands; 
and from the Ryukyu Islands south to New 
Guinea and the New Hebrides. Although 
fairly common in Micronesia, it is not re- 
ported from Australia or southern Japan. 


Conus ebraeus Linné, 1758. 

Hirase and Taki (1951) pl. 113, fig. 12; 
Tinker (1952) p. 34, 2 figs. on p. 35; 
Morris (1952) p. 202, col. pl. 7, fig. 4 
[as C. hebraeus|; Kira (1955) pl. 36, fig. 9. 


Characteristically 0.75 to 1.75 inches long, 
although Hawaiian specimens reach a length 
of 2 inches. White with squarish black color 
blocks. 

Ordinarily lives among rocks or in holes 
and grooves on seaward reef flats, both wind- 
ward and leeward. Typically occurs in fairly 
shallow water all across the reef flat and just 
seaward of the reef edge. Occasionally found 
on lagoon reef flats and on small reefs on 
lagoon floors. 

GEOGRAPHIC RANGE: USNM collections of 
this very common Indo-Pacific cone are from 
the entire east African coast (including the 
Red Sea), eastward through the Indian and 
Pacific oceans to the Society and Tuamotu 
islands; and from southern Japan and Hawaii 
south to northern Australia and New Cale- 
donia. According to Greene (1953), a live 
specimen was taken by Ted Dranga off the 
coast of Guanacosta Province, Costa Rica, 
Hertlein and Emerson (1954) report C. ehraeus 
from Clipperton Island in the eastern Pacific. 


Conus eburneus Hwass, 1789. 
Hirase and Taki (1951) pl. 113, fig. 15; 
Kira (1955) pl. 46, fig. 
Characteristically 1 to 2.75 inches long. 
The recent Micronesian collections include 
worn specimens from Eniwetok, Rongelap, 
Saipan, and Yap, but only one specimen 
taken alive. It was collected at night by 
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Cloud on the intertidal lagoon shore of Uliga 
Island, Majuro Atoll. 

GEOGRAPHIC RANGE: According to USNM 
records and published reports, distributed 
from Madagascar and Mauritius, eastward 
through the Indian and Pacific oceans to the 
Society, Tuamotu, and Marquesas islands; 
and from southern Japan, the Mariana and 
Marshall islands, south to northern Australia 
and New Caledonia. Uncommon in Micro- 
nesia and not reported from Hawaii. 


Conus flavidus Lamarck, 1810. 
Tinker (1952) p. 38, 2 figs. on p. 39; Morris 
(1952) p. 204, col. pl. 7, fig. 6. 

Characteristically 1 to 2.5 inches long. Re- 
sembles C. /ividus with its purple aperture and 
medial white apertural band, but may be dis- 
tinguished from that species by its smooth, 
noncoronate spire. 

Ordinarily lives on seaward reef flats, 
among rocks near or slightly below low tide, 
line, or in intertidal pools. Also taken in 
surge channels through the edge of seaward 
reefs and on lagoon reef flats. Apparently 
most abundant along windward shores. 

GEOGRAPHIC RANGE: USNM collections 
and published reports indicate this common 
Indo-Pacific species to be distributed from 
the east African coast (including the Red Sea 
and Persian Gulf) eastward through the In- 
dian and Pacific oceans to the Society, Tua- 
motu, and Marquesas islands; and from 
southern Japan and Hawaii south to northern 
Australia and New Caledonia. One of the 
most common cones in Hawaii. 


Conus imperialis Linné, 1758. 

Hirase and Taki (1951) pl. 113, fig. 9; 
Tinker (1952) p. 32, 2 figs. on p. 33; 
Morris (1952) p. 199, col. pl. 7, fig. 5; 
Kira (1955) pl. 36, fig. 8. 

Characteristically 2 to 3.75 inches long. 

Ordinarily found among rocks near low 

tide line on windward ocean reef flats. Also 
taken from surge channels through the edge 
of seaward reefs. Not reported from lagoon 
shores. 
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GEOGRAPHIC RANGE: According to USNM 
collections and published reports, distributed 
from Mauritius eastward through the Indian 
and Pacific oceans to the Tuamotu and Mar- 
quesas islands, and from southern Japan and 
Hawaii south to northern Australia and New 
Caledonia. Uncommon in Micronesia. 


Conus leopardus (Réding, 1798) (syn. mille- 

punctatus Lamarck, 1822). 

Tinker (1952) p. 30, 3 figs. on p. 31 [as 

C. litteratus}. 

Characteristically 2.5 to 6.5 inches long. 
See C. /itteratus for further description. 

Three live specimens were taken at Bikini 
Atoll, two on the lagoon reef flat, below low 
tide line, and one on the sandy lagoon floor 
at a depth of 10 feet. 

GEOGRAPHIC RANGE: Because this species 
has been confused with C. /itteratus, the range 
here is based only on specimens in the USNM 
collections. They indicate that C. /eopardus is 
distributed from Mauritius in the Indian 
Ocean eastward through the Pacific to the 
Society and Marquesas islands, and from the 
Ryukyu and Hawaiian islands south to the 
Celebes and New Caledonia. It is apparently 
uncommon in Micronesia. 


Conus litteratus Linné, 1758. 
Hirase and Taki (1951) pl. 113, fig. 16. 


Characteristically 2.5 to 5 inches long. C. 
litteratus and C. leopardus are commonly con- 
fused. Both are white with dark brown spots, 
but they differ in the appearance of the basal 
portion of their apertures. The tip of C. /eo- 
pardus is truncated and white within, whereas 
that of C. /itteratus is vointed and dark purple- 
brown within. 

The recent Micronesian collections include 
only one group of individuals found living 
among small reefs in 3 to 4 feet of water on 
the sandy lagoon shelf at Ifaluk. These reefs 
are never out of water, even at low tide. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate distribution 
from the east African coast (including the 
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Red Sea) eastward through the Indian and 
Pacific oceans to the Society and Tuamotu 
islands; and from southern Japan, the Mari- 
ana, and Marshall islands south to northern 
Australia and New Caledonia. Uncommon in 
Micronesia and not reported from Hawaii. 


Conus lividus Hwass, 1792. 
Tinker (1952) p. 38, 2 figs. on p. 39; Morris 
(1952) p. 203, col. pl. 7, fig. 13; Hirase 
and Taki (1951) pl. 114, fig. 9. 


Characteristically 1 to 2.5 inches long. 
Closely resembles C. flavidus with its purple 
aperture and the medial white band within 
its aperture, but may be distinguished from 
that species by its coronate, tuberculated 
spire. 

Ordinarily lives under rocks on seaward 
reef flats. Invariably occurs below low tide 
line in water from a few inches to a few feet 
deep. 

GEOGRAPHIC RANGE: USNM collections 
and published reports indicate that this com- 
mon Indo-Pacific species occurs all along the 
east African coast (including the Red Sea and 
Persian Gulf), eastward through the Indian 
and Pacific oceans to the Society and Tua- 
motu islands, and from southern Japan and 
Hawaii south to northern Australia and New 
Caledonia. It is especially common in Hawaii. 


Conus magus Linné, 1758. 
Hirase and Taki (1951) pl. 114, fig. 8. 


Characteristically 1.25 to 3.25 inches long. 

The recent Micronesian material includes 
only five specimens. They were collected alive 
at night by Cloud from the intertidal zone of 
the sandy lagoon shore at Uliga Island, Ma- 
juro Atoll. 


GEOGRAPHIC RANGE: According to USNM 
collections and published reports, distributed 
from Zanzibar on the east African coast, east- 
ward through the Indian and Pacific oceans 
to the Tuamotu Islands; and from southern 
Japan and the Marshall Islands south to 
northern Australia and New Caledonia. Not 


329 


reported from Hawaii. Uncommon in Micro- 
nesia. 


Conus marmoreus Linné, 1758. 
Hirase and Taki (1951) pl. 113, fig. 10; 
Tinker (1952) p. 30, 2 figs. on p. 31; 

Kira (1955) pl. 36, fig. 6. 


Characteristically 1.75 to 4.5 inches long. 

Ordinarily lives among rocks below low 
tide line on seaward reef flats, both windward 
and leeward. Also common on lagoon reef 
flats and at depths of 5 to 15 feet on sandy 
lagoon shelves or slopes, among turtle grass 
or small reefs and in a few feet of water on 
lagoon reef flats. Nocturnal, venomous. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate this common 
Micronesian species to be distributed from 
Madagascar and Mauritius eastward through- 
out the Indian and Pacific oceans to the 
Tuamotu Islands, and from southern Japan 
and Hawaii south to northern Australia and 
New Caledonia. 


Conus miles Linné, 1758. 

Hirase and Taki (1951) pl. 114, fig. 5; 
Tinker (1952) p. 34, 2 figs. on p. 35; 
Morris (1952) p. 202, col. pl. 7, fig. 11; 
Kira (1955) pl. 36, fig. 23. 


Characteristically 1.25 to 3.5 inches long. 

Ordinarily found among rocks below low 
tide line on seaward reef flats, commonly just 
shoreward of the reef edge. Also taken on 
small lagoon reefs, in channels between sea- 
ward reef segments, and on lagoon reef flats. 
Apparently most abundant along windward 
shores. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate this common 
Indo-Pacific species to be distributed from 
the east African coast (including the Red Sea), 
eastward through the Indian and Pacific 
oceans to the Society, Tuamotu, and Mar- 
quesas islands; and from southern Japan and 
Hawaii south to northern Australia and New 
Caledonia. 
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Conus miliaris Hwass, 1792. 

Characteristically 0.75 to 1.25 inches long. 
Body whorl pinkish with two white, inter- 
rupted bands, numerous spiral grooves and 
granules, and a yellowish epidermis. Spire 
coronate. Resembles C. coronalis but may be 
distinguished from that species by the light 
pink color within its aperture and the absence 
of dark brown flammules on its body whorl.* 


Fic. 39. Conus miliaris Hwass. Abamama Atoll, 
Gilbert Islands (USNM 433980). 


Ordinarily lives among rocks on seaward 
reef flats, both windward and leeward, typi- 
cally at or near low tide line or in tide pools. 
Also found on lagoon reef flats and among 
small reefs on sandy lagoon shelves. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate this fairly 
abundant Micronesian species to be distrib- 
uted from all along the east African coast 
(including the Red Sea), eastward through 
the Indian and Pacific oceans to the Society 
and Tuamotu islands, and from southern 
Japan and Palmyra south to the East Indies 
and New Caledonia. Not reported from Aus- 
tralia. There is a single USNM specimen from 
Hawaii, but the occurrence of C. similaris in 
Hawaii needs confirmation by additional col- 
lecting. 


Conus mustelinus Hwass, 1792. 


Characteristically 1 to 2.25 inches long. 

3 An endemic Hawaiian cone, C. abbreriatus Reeve, 
1843 [Tinker (1952), figs. on p. 41], is closely related 
to both C. miliaris and C. coronal’s. It is medium in color, 
covered with small distinct brown dots in regular rows, 
without flammules, but with dark-brown in the aper- 
ture. It is recorded only from Midway to the Hawaiian 
Islands, 


PACIFIC SCIENCE, Vol. XI, July, 1957 


FiG. 40. Conus mustelinus Hwass. Cebu, Philippines 
(USNM 614195). 


Body whorl straw-colored with a set of 2 or 
3 spiral rows of dark brown spots on a white 
band around the middle and a second white 
band at the shoulder irregularly marked with 
brown flammules or spots. Spire smooth with 
many broad brown flammules. 

The recent Micronesian collections include 
only two worn specimens from Yap; one 
dredged from four feet of water at Yaptown, 
the other taken from dead coral heads in 
Tomil Harbor. Probably lives below low tide 
line. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate this uncom- 
mon species to be distributed from Mada- 
gascar and Mauritius eastward through the 
Indian and Pacific oceans to Samoa, and from 
southern Japan and the Ryukyu Islands south 
to northern Australia and New Caledonia. 
Not reported from Hawaii. 


Conus pulicarius Hwass, 1792. 

Hirase and Taki (1951) pl. 113, fig. 11; 
Tinker (1952) p. 36, 2 figs. on p. 37; 
Morris (1952) p. 203, col. pl. 7, fig. 2; 
Kira (1955) pl. 36, fig. 15. 


Characteristically 1.25 to 2.25 inches long, 


and white with dark 
brown dots. 

Ordinarily lives below low tide line along 
sandy lagoon shores, on sandy seaward reet 
slopes, and in sand pockets on seaward and 
lagoon reef flats. The recent Micronesian col- 


lections contain the following specimens: 


coronate, numerous 


/ 
at. a 
Fe 
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four lots taken among turtle grass and small 
reefs in 2 to 5 feet of water on the sandy 
lagoon shelf at Ifaluk; several specimens from 
off the seaward reef edge at Bikini in 36 to 
90 feet of water; and a number of shells found 
below low tide line on lagoon reef flats at 
Eniwetok. USNM specimens from Hawaii 
were collected on seaward reef flats and off 
the edge of seaward reefs to a depth of 300 
feet. C. pulicarius ordinarily remains buried 
during the day, characteristically about 2 to 
4 inches beneath the sand, and moves about 
only at night. 

GEOGRAPHIC RANGE: USNM collections of 
this common Indo-Pacific species are from 
Cocos-Keeling Atoll in the Indian Ocean 
eastward through the Pacific to the Society, 
Tuamotu, and Marquesas islands, and from 
southern Japan south to New Caledonia. Re- 
ported from northern Australia and from 
Hawaii. 


Conus quercinus Hwass, 1792 (syn. cingulum 

Martyn, 1786, nonbinom.). 

Tinker (1952) p. 28, 5 figs. on p. 29; Morris 
(1952) p. 202, col. pl. 7, fig. 12; Kira 
(1955) pl. 37, fig. 7. 

Characteristically 1.25 to 4 inches long, al- 
though Hawaiian specimens occasionally at- 
tain a length of 5 inches. 

The recent Micronesian collections include 
only one specimen obtained at Onotoa from 
a native and without specific locality data. 
According to Greene (1953), this species lives 
in groups and is seldom found in less than 
20 teet of water. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate distribution 
from the east African coast (including the 
Red Sea and Persian Gulf), eastward through 
the Indian and Pacific oceans to the Society, 
Tuamotu, and Marquesas islands; and from 
southern Japan and Hawaii south to the East 
Indies and New Caledonia. Not reported from 
Australia. Uncommon in Micronesia. 


Conus rattus Hwass, 1792. 
Tinker (1952) p. 38, 2 figs. on p. 39; Morris 
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(1952) p. 202, col. pl. 
(1955) pl. 36, fig. 19. 


7, fig. 14; Kira 


Characteristically 0.75 to 1.75 inches long. 

Ordinarily lives near low tide line under 
rocks and in rocky tide pools on windward 
and leeward ocean reef flats. Also taken from 
lagoon reef flats. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate distribution 
of this common Indo-Pacific cone from South 
Africa and the Red Sea eastward through the 
Indian and Pacific oceans to the Society, Tua- 
motu, and Marquesas islands; and from 
southern Japan and Hawaii south to northern 
Australia and New Caledonia. 


Conus sponsalis Hwass, 1792. 
Kira (1955) pl. 36, fig. 12. 


FiG. 41. Conus sponsalis Hwass. Ifaluk Atoll, Caroline 
Islands (USNM 614194). 


Characteristically 0.5 inch to slightly less 
than 1 inch long. Body whorl typically 
smooth above and spirally granulate below; 


white with dark brown, elongate, spirally ar- 
ranged, axial flammules; and covered with a 
yellowish epidermis. Spire coronate. Aperture 
purple within. 


Ordinarily lives among rocks on windward 
and leeward ocean reef flats, generally at or 
near low tide line or in tide pools. Apparently 
less abundant on lagoon reef flats. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate this common 
Micronesian cone to be distributed from 
Mauritius throughout the Indian and Pacific 
oceans to the Society, Tuamotu, and Mar- 
quesas islands; and from southern Japan 
south to northern Australia and New Cale- 
donia. Not reported from Hawaii. 


cA, 


Conus striatus Linné, 1758. 

Tinker (1952) p. 32, fig. on p. 33; Morris 
(1952) p. 199, col. pl. 7, fig. 1; Kira 
(1955) pl. 37, fig. 9. 

Characteristically 2 to 4 inches long. 


Only two specimens in the recent Micro- 
nesian collections were taken alive; one from 
the reef at the east side of Tomil Harbor, Yap, 
and the other from among small reefs on the 
sandy lagoon shelf at Ifaluk. Like many cones 
it is poisonous. Nocturnal. 


GEOGRAPHIC RANGE: USNM collections 
and published records for this uncommon 
Indo-Pacific cone indicate distribution from 
East Africa (including the Red Sea and Persian 
Gulf) eastward through the Indian and Pacific 
oceans to the Society, Tuamotu, and Mar- 
quesas islands; and from southern Japan and 
Hawaii south to northern Australia and New 
Caledonia. Uncommon in Micronesian col- 
lections, but may be locally abundant in some 
parts of the Indo-Pacific. 


Conus textile Linné, 1758. 
Hirase and Taki (1951) pl. 114, fig. 15; 
Tinker (1952) p. 36, fig. on p. 37; Morris 
(1952) p. 199, col. pl. 7, fig. .19. 


Characteristically 1.25 to 4.75 inches long. 

The only specimen of C. textile in the recent 
Micronesian collections is a worn specimen 
from Puntan Muchot beach, leeward Saipan. 
Abbott (1950) reports that this species occurs 
on the outer shores of the main atoll at 
Cocos-Keeling. Instances of fatal poisoning 
from the bite of C. textile have been reported. 
The species is nocturnal. 


GEOGRAPHIC RANGE: USNM collections 
and published records indicate this well- 
known but uncommon Indo-Pacific cone to 
be distributed from East Africa (including the 
Red Sea and Persian Gulf) eastward through 
the Indian and Pacific oceans to the Society 
and Tuamotu islands; and from southern 
Japan and Hawaii south to northern Australia 
and New Caledonia. 
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Conus tulipa Linné, 1758. 
Hirase and Taki (1951) pl. 114, fig. 18; 
Kira (1955) pl. 37, fig. 19. 

Characteristically 1.25 to 3.25 inches long. 

Ordinarily lives under rocks and coral on 
seaward reef flats, but also found on lagoon 
reef flats. C. tulipa has a poisonous bite. 
Nocturnal. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate this rather 
common Micronesian species to be distrib- 
uted from the Red Sea, the Seychelles, and 
Madagascar eastward through the Indian and 
Pacific oceans to the Society and Tuamotu 
islands; and from southern Japan and Hawaii 
south to northern Australia and New Cale- 
donia. 


Conus vexillum Gmelin, 1791. 
Hirase and Taki (1951) pl. 114, fig. 6 [poor]. 


Characteristically 1.75 to 4.75 inches long, 
occasionally reaching a length of 6 inches. 

The recent Micronesian collections contain 
only one specimen taken alive. It was found 
on the shallow seaward reef flat of leeward 
Onotoa. Abbott (1950) reports that a single 
specimen was found living on the outer shores 
of Cocos-Keeling Atoll. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate this uncom- 
mon Indo-Pacific species to be distributed 
from the Red Sea, Madagascar, and Mauritius 
eastward through the Indian and Pacific 
oceans to the Society and Tuamotu islands; 
and from southern Japan and Hawaii south 
to New South Wales and New Caledonia. 


Conus virgo Linné, 1758. 
Hirase and Taki (1951) pl. 114, fig. 10; 
Kira (1955) pl. 37, fig. 10. 


Characteristically 1.75 to 4 inches long. 

The recent Micronesian collections contain 
only one specimen. It was found living in 3 
or 4 feet of water on the leeward ocean reef 
flat of Onotoa. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate distribution 
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from the east African coast (including the Red 
Sea) eastward through the Indian and Pacific 
oceans to the Society and Tuamotu islands; 
and from southern Japan and Hawaii south 
to northern Australia and New Caledonia. 
Uncommon in Micronesia. 


Conus vitulinus Hwass, 1792. 
Tinker (1952) p. 36, fig. on p. 37; Morris 
(1952) p. 202, col. pl. 7, fig. 17. 


Characteristically 1 to 2.25 inches long. 

Ordinarily lives among rocks and in tide 
pools on seaward reef flats. Also reported 
from lagoon reef flats. 

GEOGRAPHIC RANGE: USNM collections 
and published records indicate this uncom- 
mon Indo-Pacific species to be distributed 
from Madagascar and Mauritius eastward 
through the Indian and Pacific oceans to the 
Society and Tuamotu islands; and from south- 
ern Japan and Hawaii south to northern Aus- 
tralia and New Caledonia. 


Family TEREBRIDAE—Auger Shells 
Genus TEREBRA Bruguiére, 1789 


Terebra crenulata (Linné, 1758). 
Hirase and Taki (1951) pl. 116, fig. 10; 
Tinker (1952) p. 10, 3 figs. on p. 11; 

Kira (1955) pl. 38, fig. 16. 


Characteristically 5 to 6 inches long and 
whitish or fawn-colored with crenulated su- 
tures. 

Ordinarily lives buried a few inches in the 
sand of lagoon shelves, in quiet shallow water, 
or in intertidal lagoon sand flats. 

GEOGRAPHIC RANGE: According to USNM 
records this common Micronesian species is 
distributed from Cocos-Keeling Atoll east- 
ward through the Pacific to Palmyra Atol] and 
Samoa, and from southern Japan south to the 
New Hebrides. Reported from the Red Sea, 
Persian Gulf, and Madagascar through the 
Indian and Pacific oceans to the Tuamotu 
and Marquesas islands, from Hawaii, and 
from northern Australia. 
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Terebra dimidiata (Linné, 1758). 

Hirase and Taki (1951) pl. 116, fig. 3; 
Tinker (1952) p. 14, fig. on p. 17; Kira 
(1955) pl. 38, fig. 17. 

Characteristically 4 to 6 inches long, white 
with squarish orange markings on each whorl, 
and with a distinct spiral groove below each 
suture. 

Habitat similar to that of T. crenulata. 

GEOGRAPHIC RANGE: USNM collections of 
this common Micronesian Terebra range from 
Mauritius eastward through the Indian and 
Pacific oceans to the Hawaiian and Tuamotu 
islands, and from the Ryukyu Islands south 
to the Solomon and Fiji islands. It is reported 
from East Africa, Madagascar, the Seychelles, 
and Ceylon, from southern Japan, and from 
northern Australia. 


Terebra felina (Dillwyn, 1817) (syn. tigrina 
Gmelin 1791 [in part]). 
Hirase and Taki (1951) pl. 116, fig. 9; 
Tinker (1952) p. 22, 2 figs. on p. 23 [as 
T. tigrina Gmelin}; Morris (1952) p. 198, 
pl. 40, fig. 7 [as T. tigrina Gmelin]. 


Characteristically less than three inches long 
and white with orange-brown spots and in- 
cised spiral grooves below each whorl. 

The only specimen in the recent Microne- 
sian collections was found living in shallow, 
quiet water on the sandy lagoon shelf of 
leeward Ifaluk. 

GEOGRAPHIC RANGE: USNM collections are 
from the Ryukyu, Philippine, Caroline, and 
Marshall islands. Reported from East Africa, 
the Seychelles, Madagascar, Mauritius, New 
Caledonia and the Loyalty Islands, from Ha- 
waii, and from northern Australia. Uncom- 
mon in Micronesia. 


Terebra guttata (R6ding, 1798) (syn. oculata 
Lamarck, 1822). 
Hirase and Taki (1951) pl. 116, fig. 2 (as 
T. oculata Lamarck); Tinker (1952) p. 
12, fig. on p. 13 (as T. oculata Lamarck); 
Kira (1955) pl. 38, fig. 20. 
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Characteristically about five inches long 
and orange or fawn-colored with a single row 
of white spots below each suture. 

Habitat similar to that of T. maculata, T. 
dimidiata, and T. crenulata. Also, Allan (1950) 
reports this species living in sand on coral 
reefs. 

GEOGRAPHIC RANGE: USNM collections are 
from the East Indies eastward throughout the 
Pacific to the Society Islands, and from the 
Philippine and Mariana islands south to Fiji. 
Uncommon in Micronesia. Reported from 
the Ryukyus, northern Australia, and Hawaii. 


Terebra maculata (Linné, 1758). 
Hirase and Taki (1951) pl. 116, fig. 7; 
Tinker (1952) p. 12, fig. on p. 13; Morris 
(1952) p. 197, pl. 40, fig. 2; Kira (1955) 

pl. 38, fig. 21. 

The largest Indo-Pacific Terebra, character- 
istically 6 to 8 inches long. White or flesh- 
colored with dark brown or purplish splotches. 

Like T. crenulata and T. dimidiata, T. macu- 
lata is ordinarily found buried a few inches in 
the sand of lagoon shelves, in quiet shallow 
water, or in lagoon sand flats which are ex- 
posed at extreme low tide. 

GEOGRAPHIC RANGE: USNM collections of 
this very common Micronesian Terebra are 
distributed from East Africa eastward through 
the Indian and Pacific oceans to the Hawaiian 
and Society islands, and from the Ryukyu and 
Bonin islands south to New Caledonia. It is 
also reported from the Persian Gulf, the Red 
Sea, India, and Ceylon, from southern Japan, 
and from northern Australia. 


Terebra striata Quoy and Gaimard, 1833 (syn. 
affinis Gray, 1834). 


A small species, characteristically 1 to 1.5 
inches long. White with brown transverse 
streaks and numerous, closely spaced, incised 
transverse grooves. A spiral groove is present 
below each suture. 

Ordinarily found buried in the sand of la- 
goon shelves in shallow, quiet water or in 
lagoon sand flats which are exposed at ex- 
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FiG. 42. Terebra striata Quoy and Gaimard. Com- 
posite drawing of two specimens from Ifaluk Atoll, 
Caroline Islands (USNM 614196). 
treme low water. Also found, though less 
frequently, in sand pockets between coral 
patches on seaward reef flats. 

GEOGRAPHIC RANGE: USNM collections are 
from the Ryukyu, Philippine, Mariana, Carol- 
ine, Marshall, Gilbert, Fiji, Cook, Society, 
and Tuamotu islands. Although T. striata is 
uncommon in most Micronesian collections, 
the recent ones include several specimens. 
Not reported from Hawaii. 


Terebra subulata (Linné, 1758). 

Hirase and Taki (1951) pl. 116, fig. 1; 
Tinker (1952) p. 12, fig. on p. 13; Morris 
(1952) p. 197, pl. 40, fig. 4; Kira (1955) 
pl. 38, fig. 19. 

Characteristically 4 to 6 inches long and 
whitish with three rows of squarish dark 
brown spots on its body whorl. 

Habitat similar to that of T. maculata, T. 
crenulata, and T. dimidiata. In addition, Allan 
(1950) reports this species to be abundant in 
sand pockets on the reefs of northern Aus- 
tralia. 

GEOGRAPHIC RANGE: USNM collections are 
from the East Indies eastward throughout the 
Pacific to the Hawaiian and Tuamotu islands, 
and from the Ryukyu Islands south to New 
Caledonia. Reported from East Africa, the 
Red Sea, Ceylon, the Andaman Islands, and 


334 

\ 


Micronesian Gastropods — DEMOND 


northern Australia. Fairly common in Mi- 
cronesia. 
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Micronesian Gastropods — DEMOND 


INDEX TO SCIENTIFIC NAMES 


A cross-index to species, subgenera, genera, 
and families. Synonyms are entered in étalics. 


acutus, Tectus 
aculeata, Thais 
acuminata, Strigatella 
adamsoni, Conus 
adustus, Murex 
affinis, Bursa 
affinis, Terebra 
albicilla, Nerita. . 
aluco, Rhinoclavis 
alveolus, Cerithium 
anaxeres, Morula 
annulus, Cypraea 
antiquus, Magilus 
arabica, Cypraea 
arachnoides, Drupa 
arenatus, Conus 
argus, Cypraea 
argyrostoma, Turbo 
armigera, Thais 
aspera, Rhinoclavis 
aulicus, Conus 
barclayi, Latirus. . 
bizonalis, Strigatella 
brunneus, Murex 
bryonia, Lambis 
bubo, Bursa 
Buccinidae 
bufonia, Bursa 
bulbiformis, Coralliophila 
bulbulus, Strombus 
Bursa 

affinis 

bubo 

bufonia 

granifera 

granularis 

rubeta gigantea 
Bursidae 
Cadium 
Caducifer 

decapitatus 
Cadus 
Callistocypraea 
Cantharus 

fumosus 

undosus 
capitaneus, Conus 
caputserpentis, Cypraea 
carneola, Cypraea 
Casmaria 
Cassididae 
Cassis 

cornuta 
casta, Mitra 
catus, Conus 
caurica, Cypraea 
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Fig. 29, 


Fig. 27, 
Fig. 28, 


Fig. 33, 


Page 
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22 
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308 
334 
287 
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311 
303 
316 
300 
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325 
304 
286 
313 
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326 
320 
322 
309 
297 
307 
318 
308 
315 
295 
307 
308 
307 
308 
308 
308 
307 
307 
308 
319 
319 
308 
305 
318 
318 
318 
326 
302 
299 
306 
306 
306 
306 
322 
426 
305 


cepa, Tonna 
ceramicum, Vasum. 
Cerithiidae. 
Cerithium 
alveolus. 
columna 
echinatum . 
maculosum . 
morus 
nassoides. . 
nodulosum 
piperitum 
salebrosum. 
sejunctum 
tuberculiferum 
variegatum 
chaldeus, Conus 
Charonia 
tritonis. 
Cheilea 
equestris. . 
Chicoreus 
chinensis, Natica 
chiragra, Lambis 
chlorostoma, Peristernia 
chlorostomum, Cymatium 
Chrysame 
cingulum, Conus 
coccinea, Littorina 
Colubraria 
strepta 
Columbella 
turturina 
Columbellidae 
columna, Cerithium... 
concatenata, Morula 
conicus, Hipponix 
Conidae 
Conus 
adamsoni. . 
arenatus. 
aulicus. 
capitaneus 
catus 
chaldeus. 
cingulum 
coronalis 
distans 
ebraeus 
eburneus 
episcopus 
flavidus 
imperialis 
leopardus 
litteratus 
lividus 
magus 
marmoreus 
miles 
miliaris 
mille punctatus 


Fig. 17, 
Fig. 7, 


Fig. 8, 


Fig. 9, 
Fig. 10, 


Fig. 26, 


Fig. 11, 


Fig. 37, 


Fig. 38, 


Fig. 39, 
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mustelinus 
piperatus. 
pulicarius. . 
quercinus. 
rattus 
rhododendron 
sponsalis.... Fig. 41 
striatus 
textile 
tulipa 
vermiculatus 
vexillum 
virgo 
vitulinus. . 
Coralliophila. . 
bulbiformis. 
erosa. . 
exarata...... 
galea 
neritoidea.... 
squamulosa.. 
violacea 
cornigera, Vasum 
cornuta, Cassis 


coronalis, Conus Fig. 38, 
crenelliferus, Nassarius . Fig. 30, 


crenulata, Terebra 
cucumerina, Scabricola 
Cymatiidae 
Cymatium. 
chlorostomum 
gemmatum 
mundum 
muricinum 
tuberosum 
Cypraea 
annulus 
arabica 
argus 
caputserpentis 
carneola 
depressa Fig. 16 
erosa 
fimbriata 
helvola 
isabella. 
lynx 
maculifera 
mauritiana 
moneta 
nucleus 
poraria 
reticulata 
talpa 
testudinaria 
tigris 
vitellus 


dentatus, Strombus 
depressa, Cypraea . 
digitalis, Maculotriton 
digitata, Drupa. 
dimidiata, Terebra 
distans, Conus 
Dolium. 
Drupa 

arachnoides 

digitata 

grossularia 

hystrix Lamarck 

Aystrix Linné. 

horrida. . 

morum. 

neritoides 

ricinus... . 

rubusidaeus 

violacea 
ebraeus, Conus. . 
eburneus, Conus 
echinatum, Cerithium 
elata, Morula 
Engina... 

mendicaria 
episcopalis, Mitra. 
episcopus, Conus 
equestris, Cheilea. 
erosa, Coralliophila 
erosa, Cypraea 
Erosaria 
Erronea. . 
exarata, Coralliophila 
exasperata, Vexillum 
Fasciolaria 

filamentosa . 
Fasciolariidae 
felina, Terebra... . 
ferrugata, Scabricola. 
filamentosa, Fasciolaria 
fimbriata, Cypraea 
fiscella, Morula. .. 
floridus, Strombus 
flavidus, Conus... 
fragilis, Strombus 
fragum, Morula 
fumosus, Cantharus 
galea, Coralliophila 
gemmatum, Cymatium 
gibberulus, Strombus 
granifera, Bursa 
granularis, Bursa. 
granulata, Morula 
grossularia, Drupa 
gruneri, Vexillum 
Gutturnium 
helvola, Cypraea. .. 
hippocastanum, Thais 
Hipponicidae 
Hipponix. 
conicus 


PACIFIC SCIENCE, Vol. XI, July, 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


19, 


12, 


11, 


338 
Page Page 

327 a Fig. 16, 301 

330 Fig. 21, 313 

331 310 
331 333 

325 327 

331 308 

332 310 

332 310 

332 310 

326 310 
332 : 310 

332 310 

333 310 

315 310 

315 310 

315 310 

315 310 
315 310 

315 327 

315 327 

315 

325 Him 311 
306 319 
327 319 

319 326 

333 Hm 294 

324 315 

306 302 

P 306 302 
306 305 

307 315 

307 323 
307 320 
307 320 
299 320 

303 333 

300 324 ; 

304 320 

302 305 

299 312 
305 ‘ 296 

301 ‘ 328 

302 Fig. 13, 295 

305 311 

303 Fig. 27, 318 

304 315 

299 307 

301 Fig. 14, 295 

302 308 
304 308 
305 312 
303 310 
301 14, 323 

304 308 

305 

300 22, 313 
300 293 

299 
319 Him 293 


Micronesian Gastropods — DEMOND 


histrio histrio, Trochus 
histrio intextus, Trochus 
Aystrix Lamarck, Drupa 
Aystrix Linné, Drupa 
horrida, Drupa 
imperialis, Conus. . 
isabella, Cypraea.... 
jonasi, Nassarius. 
labio, Monodonta 
lamarcki, Magilopsis 
Lambis 

bryonia 

chiragra 

lambis 

truncata 
lambis, Lambis 
Lampusia. . 
Latirus 

barclayi.. 
lentiginosus, Strombus 
leopardus, Conus 
litterata, Strigatella 
litteratus, Conus 
Littorina 

coccinea 

obesa 

pintado 

scabra 

undulata 
Littorinidae 
lividus, Conus 
luhuanus, Strombus 
Luria 
lutea, Strigatella 
lynx, Cypraea. 
maculata, Terebra. . 
maculatus, Strombus 
maculatus, Trochus 
maculifera, Cypraea 
maculosum, Cerithium 
Maculotriton 

digitalis 
madreporarum, Quoyula. 
Magilidae . 
Magilopsis 

lamarcki. . 
Magilus 

antiquus 
magus, Conus 
Malea 

pomum 
mammilla, Polinices 
marmoreus, Conus. . 
marochiensis, Natica 
Mauritia 
mauritiana, Cypraea 
melanostoma, Polinices 
mendicaria, Engina 
miles, Conus 
miliaris, Conus 
militaris, Turbo 


Fig. 31, 


Fig. 32, 


Fig. 5, 


Fig. 21, 
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Fig. 39, 


mille punctatus, Conus . 
Mitra 

Casta. 

episcopalis 

mitra 

pontificalis 

Stictica. 

thiara. 
mitra, Mitra. 
Mitridae. . 
moneta, Cypraea 
Monetaria 
Monodonta. . 

labio. . 
monodonta, Quoyula 
Morula 

anaxeres 

concatenata. . 

elata 

fiscella 

fragum 

granulata 

morus 

nodus 

ochrostoma 

ochrostoma Tryon. 

Spectrum 

triangulatum 

tuberculata 

uva 
morum, Drupa 
morus, Cerithium 
morus, Morula.. 
mundum, Cymatium 
Murex 

adustus 

brunneus. 
Muricidae 
muricinum, Cymatium. 
mustelinus, Conus 
mutabilis, Strombus 
Nassa. 

sertum 
Nassariidae 
Nassarius 

crenelliferus 

jonasi 

papillosus 
nassatula, Peristernia 
nassoides, Cerithium 
Natica 

chinensis 

marochiensis. . 

onca 

violacea 
Naticidae 
Nerita.. . 
albicilla 
plicata 
polita 
reticulata 


Fig. 33, 


Fig. 18, 


Fig. 19, 


Fig. 20, 


Fig. 8, 


Fig. 40, 
Fig. 15, 


Fig. 30, 
Fig. 31, 
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signata . 

undata. 
Neritidae 
neritoidea, Coralliophila 
neritoides, Drupa 
nigra, Vasum. . 
niloticus, Trochus 
nodosa, Pusia. 
nodulosum, Cerithium 
nodus, Morula. 
nucleus, Cypraea . 
obeliscus, Rhinoclavis . 
obeliscus, Tectus. . 
obesa, Littorina 
ochroleucus, Trochus. 
ochrostoma, Morula 
ochrostoma, Morula 
oculata, Terebra 
olearium, Tonna 
onca, Natica 
opacus, Polinices 
Ovula. 

ovum 
Ovulidae 
ovum, Ovula 
Palmadusta 
papillosus, Nassarius 
Patella 

stellaeformis 
Patellidae 
paupercula, Srrigatella 
perdix, Tonna 
persicum, Purpura 
Peristernia 

chlorostoma 

nassatula 
pertusa, Scabricola 
petholatus, Turbo 
Phalium 

vibex 
pica, Thais 
pintado, Littorina 
piperatus, Conus 
piperitum, Cerithium 
plicaria, Vexillum 
plicata, Nerita 
Polinices 

mammilla 

melanostoma 

opacus 

pyriformis 
polita, Nerita 
Pollia 
pomum, Malea 
pontificalis, Mitra 
poraria, Cypraea 
pseudohippocastanum, Thais 
Pterocera 
pulicarius, Conus 
Purpura 

persicum 
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Pusia. . 

nodosa... . 
pyramis, Tectus. 
pyriformis, Polinices . 
quercinus, Conus. 
Quoyula... 

madreporarum . 

monodonta. 
rattus, Conus... 
reticulata, Cypraea . 
reticulata, Nerita 
Rhinoclavis. 

aluco 

aspera. 

obeliscus 

sinensis. . 

tenuisculpta 

vertagus 
rhododendron, Conus. 
ricinus, Drupa 
rubeta gigantea, Bursa 
rubusidaeus, Drupa 
Sabia 
salebrosum, Cerithium 
samar, Strombus 
scabra, Littorina 
Scabricola 

cucumerina 

ferrugata 

pertusa 
sejunctum, Cerithium. 
sertum, Nassa.. 
setosus, Turbo. 
signata, Nerita 
sinensis, Rhinoclavis 
spectrum, Morula. 
sponsalis, Conus 
squamulosa, Coralliophila 
Staphylaea. 
stellaeformis, Patella 
stenogyrus, Turbo. 
stictica, Mitra. 
strepta, Colubraria 
striata, Terebra. 
Striatus, Conus 
Scrigatella . 

acuminata. 

bizonalis 

litterata 

lutea 

paupercula 
Strombidae 
Strombus 

bulbulus 

dentatus 

Noridus 

fragilis. . 

gibberulus . 

lentiginosus 

luhuanus 

maculatus 
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mutabilis 

Samar 

tridentatus 
subulata, Terebra 
subulatum, Terebellum 
Swainsonia 
tabidus, Tectus 
talpa, Cypraea 
Talparia 
Tectus 

acutus 

obeliscus 

pyramis 

tabidus 
tenuisculpta, Rhinoclavis 
Terebellum 

subulatum 

terebellum 
terebellum, Terebellum 
Terebra 

affinis 

crenulata 

dimidiata 

felina 

guttata 

maculata 

oculata 

striata 

subulata 

tigrina 
Terebridae 
testudinaria, Cypraea 
textile, Conus 
Thais 

aculeata 

armigera 

hippocastanum 

pica 

pseudohippocastanum 

tuberosa 
thiara, Mitra 
tigrina, Terebra 
tigris, Cypraea 
Tonna 

cepa 

olearium 

perdix 
Tonnidae 
triangulatum, Morula 
tridentatus, Strombus. . 


tritonis, Charonia 
Trochidae 
Trochus 

histrio histrio. 

histrio intextus 

maculatus 

niloticus. . 

ochroleucus 
truncata, Lambis 
tuberculata, Morula 
tuberculiferum, Cerithium 
tuberosa, Thais 
tuberosum, Cymatium 
tulipa, Conus 
turbinellus, Vasum 
Turbinidae 
Turbo 

argyrostoma 

militaris 

petholatus 

setosus. 

sStenogyrus 

variabilis . 
turturina, Columbella 
undata, Nerita 
undosus, Cantharus 
undulata, Littorina 
uva, Morula. 
variabilis, Turbo. 
variegatum, Cerithium 
Vasidae 
Vasum 

ceramicum 

cornigzera 

nigra 

turbinellus. 
vermiculatus, Conus. 
vertagus, Rhinoclavis 
Vexillum 

exasperata 


gruneri Fig. 34, 
plicaria Fig. 35, 


vexillum, Conus. 
vibex, Phalium 
violacea, Coralliophila 
violacea, Drupa 
violacea, Natica 
virgo, Conus. . 
vitellus, Cypraea 
vitulinus, Conus 
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A New Mosquito from Fiji, Aédes (Finlaya) freycinetiae n. sp. 
(Diptera: Culicidae) 


MARSHALL LarrpD! 


UNTIL Marks (1947) described Aédes (Finlaya) 
fyiensis from Viti Levu, it had been generally 
accepted that the representative of the wide- 
spread kochi group occurring there was A. 
kochi (D6nitz) itself. The easternmost limit 
of the latter species is now placed at, or at all 
events near, Nissan Island, Territory of New 
Guinea (Marks, 1947). The only indication 
that A. fiiensis may not be the sole member 
of its subgenus occurring in Fiji is Marks’ 
(1947) brief account of a single distinctive 
larva—which she queried as perhaps referable 
to A. samoanus (Griinberg)—collected from 
Pandanus axils in association with A. fisiensis. 
There are no records of the latter species from 
outside of Fiji, but A. samoanus is found in 
Tonga as well as Samoa (Edwards, 1926) and 
Iyengar (1955) has recently listed it from the 
Wallis Islands. These two mosquitoes are the 
most easterly representatives of their sub- 
genus thus far described from the South 
Pacific. 

Paine (1943) considered leaf axils of the 
common coastal Pandanus tectorius (Sol.) to 
be the usual larval habitat of A. fijiensis (= A. 
kochi in part). He also reported this insect 
from the smaller Pandanus thurstonii Wright, 
and, less frequently still, from the large aroid 
Alocasia indica. Neither Amos (1947) nor 
Marks (1947) listed any additional larval 
habitats, Marks (presumably following Paine 
in Edwards, 1935) mistakenly referring A. 
indica to the genus Colocasia. 

Whilst A. fijiensis is primarily associated with 


' Formerly of Department of Parasitology, Univer- 
sity of Malaya, Singapore. Present address: Institute of 
Parasitology, McGill University, Macdonald College, 
Quebec, Canada. Manuscript received July 13, 1956. 


Pandanus, the larvae of A. Samoanus occur 
most commonly in the leaf axils of Alocasia 
and Colocasia (Buxton and Hopkins, 1927). 
The latter authors never found A. samoanus 
larvae in axils of Pandanus, wild Canna, and 
pineapples as did O’Connor (1923); neither 
did they ever collect them from tree holes or 
other small simple containers. However, 
Knight (in Bohart and Ingram, 1946) re- 
corded A. samoanus from Pandanus in Samoa, 
and Laird (1956) took a few larvae from the 
axils of a large Pandanus in Tonga and a few 
others from a small tree hole (a step in a 
coconut palm trunk) near Apia, Samoa. 

Finlaya \arvae were collected from Freycine- 
tia leaf axils, a new habitat for mosquitoes 
of this subgenus (c.f. Knight and Marks, 
1952), during field studies in Fiji early in 
1954 (Laird, 1956). The species concerned 
proved to belong to the £ochi group, coming 
closest to A. samoanus but differing in detail 
from this insect, A. fiiensis, and other mem- 
bers of the group as described herein. 
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New Mosquito from Fiji — LAIRD 


MATERIAL 


Four larval collections of Aédes freycinetiae 
n. sp. were made, all of them from a forest 
climbing plant belonging to the family Pan- 
danaceae, Freycinetia milnei Seem. The first 
location was at an altitude of 125 m. near 
the Glen Pool, Suva (March 1, 1954), and the 
other three were at varying altitudes near 
1,000 m. in the vicinity of Nandarivatu, north- 
ern Viti Levu (March 8 and 9). Larvae were 
rare in all cases, no more than three ever being 
taken from a single axil. Collections from 122 
successive axils (Glen Pool) produced an 
average of only 0.12 larvae per axil (av. water 
content, 1.23 cc.). Ecological data concerning 
the larval habitat have already been published 
(Laird, 1956). 

Fourth instar larvae brought back to the 
laboratory did not pupate for up to eight 
days, and the duration of the pupal stage 
ranged from 45 to 50 hours. A small series 
of males and females was obtained. There 
was no opportunity to describe them at the 
time, as the laboratory equipment was being 
crated preparatory to our departure from Fiji, 
which took place a few weeks after these col- 
lections were made. Most unfortunately, an 
accident en route to New Zealand resulted in 
the total destruction of the pinned specimens. 
However, the larval slides and two alcohol- 
preserved adults, a male and a female, sur- 
vived. It is not practicable to attempt a full 
description of the adults from the balsam 
mounts prepared from these specimens, de- 
tails of colouring and scaling having been 
obscured in varying degree. A complete ac- 
count of this insect must await further collec- 
tions, but the male genitalia and the larvae 
are sufficiently distinctive to warrant the de- 
scription of a new species at this stage. 


Aedes (Finlaya) freycinetiae 1. sp. 


Types: Holotype male, allotype female, and 
seven morphotype larvae, Glen Pool, Suva, 
March 1, 1954. 

LOCATION OF TYPE MATERIAL: Holotype 
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male, allotype female and two morphotype 
larvae in the collection of the Dominion Mu- 
seum, Wellington; three morphotype larvae in 
the collection of the University of Queens- 
land; and two morphotype larvae in my own 
collection. 

ADULT: Wing length of holotype male, 
c. 2.5 mm., and of allotype female, 3 mm. The 
terminology used by Marks (1947) is em- 
ployed in the following description. Wing 
(allotype female) with extensive clear areas 
and clothed with broad scales; C having the 
basal pale area continuous with confluent hu- 
meral and prehumeral pale areas; sector pale 
area little more than half the length of the 
preceding dark spot; subcostal pale area two- 
thirds the length of the preceding dark spor, 
and only separated from accessory subcostal 
pale area by a single dark scale (both wings); 
apical pale area separated from accessory sub- 
costal pale area by a few scattered dark scales; 
cell R. three times length of stem; otherwise 
generally comparable with wing of A. samoa- 
nus as described by Marks (1947). 

Abdominal sternites VI and VII each bor- 
dered apically by outstanding dark scales. 
The banding of tarsi, tibiae and femora char- 
acteristic of the kochi group, but details in- 
determinate in balsam mounts. 

In the holotype male the palps are longer 
than the proboscis by rather more than the 
length of the apical segment. The genitalia 
are as follows: 

Outer face of coxite dark scaled, about 
twice as long as broad; somewhat beyond the 
centre of the inner margin are two parallel 
lines of tubercles from which originate 14 
lanceolate and dark coloured scales, the most 
distal ones long and narrow and the medial 
and proximal ones shorter and relatively 
broader (Fig. 1); bordering this scale tuft 
tergally is a prominent patch of about 25 
setae (location indicated diagramatically in 
Fig. 2 A) each about half the length of the 
medial scales of the tuft; there are scattered 
curved or apically bent setae distally (Fig. 
2 C), and there is a prominent patch of 75-80 
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medially directed setae of this type (location 
indicated diagramatically in Fig. 2 B); an 
irregular double row of elongate straight or 
slightly curved setae extends down the sternal 
face of the coxite, whilst on the inner sternal 
edge, and at about one-quarter of the length 
of the coxite from its base, a bent, slender 
and inconspicuous specialized seta arises from 
a prominent tubercle (Figs. 1, 4 A); no sub- 
terminal setae are borne by the curved and 
slender style, which is about twice the length 
of its terminal appendage (Fig. 1); the ap- 
pendage of the harpago is sharply pointed 
and broadly triangular (Fig. 3), and the para- 
proct has a single tooth. 

LARVA: Very pale, the head and siphon 
lightly chitinized and the thorax and abdo- 
men bearing stellate setae. Antenna non- 
spiculate, the tuft a single simple seta of 
rather more than half the length of the an- 
tenna and inserted at about the apical one- 
third; a long and sinuous subterminal seta 
ventrally (Fig. 5). Clypeal spine double. Head 
seta A stellate, posterior to B and d, and 
having from 9 to 13 frayed branches with 
forked tips, the longest branch being half as 
long again as the antenna; d and B two- or 
three-branched and simple, d rather shorter 
than B which exceeds the antenna in length; 
B originating in front of d, and these two 
setae a little closer to one another than B is 
to A; C an elongate simple seta originating 
behind the level of the base of the antenna 
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and more or less in line with B; e with two 
branches and f three- or four-branched, the 
branches of these setae being simple and 
about as long as the clypeal spines (Fig. 5). 
Mentum (Fig. 7) with a stout medial tooth 
and eight smaller lateral teeth, the most basal 
of which is minute and widely separated from 
its nearest neighbour. 

Abdominal segments I to VI each bearing 
a pair of long and plumose lateral setae, those 
of segment I being 8- to 10-branched, those 
of II 7- to 9-branched and those of III to VI 
2-branched. 

The lateral comb is a broadly triangular 
patch of from 70 to 80 scales in four irregular 
rows (Fig. 6), those of the distal row number- 
ing from 14 to 16 and measuring some 65yu 
in length; these scales (Fig. 10, A), which 
are spatulate and fringed both laterally and 
apically, altogether lack lateral spines; the 
scales of the other rows are similar but shorter; 
two or three uneven lines of minute setae are 
located in front of the proximal row (Fig. 6). 

The first and fifth pentad hairs are stellate, 
the frayed branches ranging from 8 to 12 in 
number and having forked tips; both the sec- 
ond and fourth pentad hairs are single and 
simple, while the third is four-branched and 
plumose (Fig. 6). The siphonal index is about 
2.5 to 3.0, the siphon itself being bare except 
for sparse spicules basally and bordering the 
pecten, and an apico-dorsal patch (Fig. 6). 
There are from 8 to 11 pecten spines, the 


EXPLANATION OF THE PLATE 
(All figures prepared by means of a Zeiss-Winkel drawing apparatus.) 


Fic. 1. Outer aspect of male coxite, A. freycinetiae. 


Fic. 2. Inner aspect of male coxite, A. freycinetiae (diagrammatic). A, location of patch of setae tergal to scale 
tuft. B, location of basal patch of setae. C, an apically bent seta. 


Fic. 3. Harpago, A. freycinetiae. 


Fic. 4. A, specialized seta of male coxite of A. freycinetiae. B, specialized setae of male coxite of A. samoanus 


(after Stone and Bohart, 1944). 
Fic. 5. Larval head, A. freycinetiae. 


Fic. 6. Terminal segments of abdomen, larva of A. freycinetiae. 
Fic. 7. Mentum (teeth of one side only), larva of A. freycinetiae. 
Fic. 8. Mentum (teeth of one side only), larva of A. samoanus. 


Fic. 9. Pecten spine, larva of A. freycinetiae. 


Fic. 10. A, scale of distal row of lateral comb, larva of A. freycinetiae. B, base of scale of distal row of lateral 


comb, larva of A. samoanus. 


Fic. 11. Apical scale of anal segment, larva of A. freycinetiae. 
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distal three of which are rather more widely 
spaced than the others; these spines (Fig. 9) 
are finely fringed along the proximal edge and 
range from 80 uw to 95 uw in length. The sub- 
ventral tuft has five plumose branches, and 
Originates just beyond the middle of the 
siphon. 


A lightly chitinized saddle covers the dorsal 
two-thirds of the anal segment; it is not 
pilose, but bears numerous fringed scales dis- 
tally (Fig. 6); the apical scales (Fig. 11) are 
the longest, ranging up to 75 uw in length. 
The plumose lateral seta is four- or five- 
branched, the ventral brush consists of two 
parallel rows of five tufts each having six 
branches, and the caudal setae—the upper of 
which has six branches while the lower is 
single—are simple. Dorsal pair of anal papil- 
lae longer than ventral, ranging from little 
more than the length of the saddle to twice 
the length of the latter. 


SYSTEMATIC POSITION 


The spotted wings clothed with broad 
scales, the outstanding apical scales of ab- 
dominal sternites VI and VII, the banding 
of the legs, and the leaf axil habitat and 
stellate setae of the larvae all refer this Finlaya 
to the £ochi group as defined by Marks (1947). 

As previously stated, two representatives 
‘of this group are already known from Fiji 
and western Polynesia. These are easily dif- 
ferentiated from one another in both larval 
and adult states. The pale scales of the meso- 
notum are frosty white in A. fiiensis (as in 
A. kochi itself) and creamy to ochreous in 
A. samoanus, the male genitalia differ in sev- 
eral respects, the specialized seta of the coxite 
being broadly expanded medially in the for- 
met species and uniformly narrow in the latter 
one, the preapical tuft of the coxite consisting 
of 5 to 7 long and very narrow scales in A. 
fyiensis but of 10 to 12 long and broad scales 
in A. samoanus, and the style bearing sub- 
terminal setae in A. fyiensis alone; the larval 
siphon is pilose in the latter species (Marks, 
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1947) but bare, or only slightly pilose, in A. 
samoanus (Bohart and Ingram, 1946). In both 
insects the lateral comb scales have from two 
to four short lateral spines near the base (Fig. 
10, B, A. samoanus). 

The lack of any medial or other expansion 
of the threadlike specialized seta, the presence 
of 14 narrow and broad scales instead of only 
5 to 7 narrow ones in the preapical tuft of 
the coxite, the absence of subterminal setae 
from the style, the presence of but few scat- 
tered spicules on the-siphon and the complete 
absence of lateral spines from the comb scales, 
all combine to differentiate the Finlaya of 
Freycinetia axils from A. fiiensis. However, 
while the present species is at once disting- 
uishable from A. samoanus by the absence of 
basal spines from the lateral comb scales, 
these two mosquitoes otherwise have much 
in common, and a closer comparison of their 
similarities and differences is indicated. 

For the reasons already given, a full com- 
parison of the adults cannot be made at pres- 
ent. The wing length of the females is similar, 
being 3.0 mm. in A. freycinetiae n. sp. and 3.0 
mm. (Bohart and Ingram, 1946) to 3.2 mm. 
(Marks, 1947) in A. samoanus (that of A. 
fijiensis ranges from 2.7 mm. to 2.9 mm. ac- 
cording to Marks). There are, however, dif- 
ferences in venation. While Marks described 
the sector pale area of C as long in A. samoa- 
nus, this area is little more than half the length 
of the preceding dark spot in A. freycinetiae 
n. sp. The subcostal pale area of C is equal to 
or almost twice as long as the preceding dark 
spot in A. samoanus, but is only two-thirds 
the length of this spot in the present species; 
while the latter has cell Ry three times the 
length of its stem, this cell varying from two 
to two-and-a-half times the length of its stem 
in A. samoanus. 

Bohart and Ingram (1946) described the 
male palpi of A. samoanus as being about as 
long as the proboscis. These structures (which 
are slightly longer than the proboscis in A. 
fijiensis) exceed the proboscis by rather more 
than the length of the apical segment in A. 
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freycinetiae n. sp. There are significant differ- 
ences between the male genitalia of the two 
mosquitoes. The preapical tuft of the coxite 
of A. samoanus is entirely composed of broad 
scales according to the data of Edwards (1935) 
and the figure of Bohart and Ingram (1946), 
but in A. freycinetiae n. sp. the distal scales 
are relatively much narrower in proportion to 
their length than the medial and proximal 
ones. Edwards (1935) gave the number of 
scales in the tuft of the former insect as 10 
to 12, and Bohart and Ingram figured an ex- 
ample having 10, while the holotype ¢@ of 
the latter species has 14. Although Edwards 
(1935) declared that the patch of setae tergal 
to the preapical tuft is scarcely indicated in 
A. samoanus by comparison with A. fiiensis 
(= Fijian A. kochi), this patch is equally 
prominent in the latter insect and A. frey- 
cinetiae 1. sp. Considerable importance has 
been attached to the specialized seta in the 
classification of the kochi group. This seta is 
merely an apically bent hair hardly deserving 
the qualification of “specialized”’ in the Fijian 
insect under discussion; but although the 
specialized seta of A. samoanus was referred 
to as ‘very much shorter (than that of A. 
fytensis .. . M. L.) and quite inconspicuous” 
by Edwards (1935), it was figured as a rela- 
tively broad structure by Stone and Bohart 
(1944; c.f. Fig. 4 B, herein) and Bohart and 
Ingram (1946). 
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Larval A. samoanus and A. freycinetiae n. sp. 
resemble one another but differ from A. fyien- 
sis in the presence of but few scattered spicules 
on the siphon. Both the first-named species 
have a few spicules basally and laterally near 
the pecten, and also a prominent little apico- 
dorsal line (neither referred to by previous 
authors who have discussed A. samoanus nor 
figured by Buxton and Hopkins, 1927, or 
Bohart and Ingram, 1946, but apparent in my 
material from Samoa and Tonga). Head hairs 
A, B and d arise in a curved line forwards in 
the case of A. samoanus, as was pointed out 
by Buxton and Hopkins (1927); this holds 
good in my Samoan and Tongan larvae, but 
in A. freycinetiae n. sp. d originates posterior 
to B (Fig. 5) as is the case in A. fyiensis. The 
general arrangement of the setae is otherwise 
much alike in the two species, although 
branching is more marked in A. freycinetiae 
n. sp. 

The number, spacing, and shape of the 
pecten spines are comparable in A. samoanus 
and A. freycinetiae n. sp. It would seem from 
the literature that the former species has fewer 
comb scales (“perhaps fifty’’ according to 
Buxton and Hopkins, and ‘about ac- 
cording to Bohart and Ingram) than the latter 
(70-80). Nevertheless, there are approximately 
80 scales in the lateral comb of our A. samoa- 
nus \arvae from Samoa and Tonga. However, 
the two insects are immediately separable 


Seta A. freycinetiae n. sp. A. samoanus 
Head 
Seta A 9-13 branches i— 6 branches 
Seta B 2— 3 branches 2- 3 branches 
Seta C Single Single 
Seta d 2-— 3 branches 4 branches 


Seta 
Seta f 


2 branches 
3— 4 branches 


Terminal segments 


lst pentad seta 8-12 branches 


2nd pentad seta Single 
3rd pentad seta 4 branches 
ith pentad seta Single 


Sth pentad seta 
Siphonal subventral tuft 


8-12 branches 
5 branches (all 
examples seen) 
4— 5 branches 


Lateral seta of saddle 


> 
1— 2 branches 
3 branches 


6-10 branches 
Single 
2-— 3 branches 
Single 
6-10 branches 


3—(rarely) 4 branches 


3— 4 branches 
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from one another by the shape of the comb 
scales of the distal row. In both cases these 
scales are long, spatulate and apically and 
laterally fringed (previous authors have de- 
scribed those of A. samoanus as apically fringed 
only, although the Samoan and Tongan speci- 
mens before me exhibit an extremely fine 
lateral fringe best seen by phase contrast 
illumination), but the prominent baso-lateral 
teeth of A. samoanus (Fig. 10, B) are altogether 
lacking in the Fijian insect in which the lateral 
fringe continues to the base (Fig. 10 A). 

A final well-marked point of difference be- 
tween the larvae of the two species is to be 
seen in the mentum. That of A. samoanus has 
from 19 to 21 teeth (Bohart and Ingram, 
1946), all my Samoan and Tongan specimens 
being within this range and most of them 
exhibiting 10 teeth, the most basal one widely 
separated from the next, on each side of a 
larger, bullet-shaped medial tooth (Fig. 8). 
In every larva of A. freycinetiae n. sp. thus far 
examined, on the other hand, the mentum 
has only 17 teeth the medial one of which is 
relatively broader and squatter than is that 


of A. samoanus (Fig. 7). 

It is considered that the morphological dif- 
ferences between the Finlaya of Fijian Frey- 
cinetia axils, and its closest relatives, are such 
as to require its description as new, and this 
insect is accordingly designated Aédes (Fin- 
laya) freycinetiae n. sp. 


RELATIONSHIPS 


The hairlike specialized seta of the coxite 
of the male of A. freycinetiae is quite distinct 
from that of A. kochi, A. bougainvillensis 
Marks, A. fiyiensis, A. wallacei Edwards and 
A. solomonis Stone and Bohart, in all of which 
the apical portion is to some extent expanded. 
A. samoanus is the only other known member 
of the £ochi group in which a specialized seta 
is present, and the form of the seta, together 
with other features of adult and larval mor- 
phology, indicates a close relationship be- 
tween this species and A. freycinetiae. It is 
worth noting that A. £nighti Stone and Bohart 
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(Solomon Is.) is the only South Pacific mem- 
ber of the kochi group lacking a specialized 
seta altogether. None of the Oriental mem- 
bers of the group have such a seta (Knight 
and Laffoon, 1946). A. knighti is only known 
from three males from the New Georgia 
group, and although differing from A. frey- 
cinetiae in that the style is slightly inflated 
medially it resembles the latter insect in the 
absence of subterminal setae from this struc- 
ture. From figure 7 of Stone and Bohart 
(1944) it would appear that the distal scales 
of the preapical tuft of the coxite are narrower 
than the medial ones as in A. freycinetiae. 
Further comparisons of the latter insect with 
A. knighti would be of decided interest. 

The most striking single feature separating 
A. freycinetiae from A. samoanus is a \arval one, 
the absence of baso-lateral spines from the 
lateral comb scales of the distal row. Marks 
(1947) and other authors have attached con- 
siderable significance to the shape of these 
scales in differentiating between species of the 
kochi group. In A. kochi itself and several other 
species of the group the distal comb teeth are 
pointed spines, not apically fringed scales, 
and Marks (1947) showed that, starting with 
the last-named insect “in New Guinea with 
the comb tooth having a stout, pointed medial 
spine and short lateral spines, as one passes 
eastwards the medial spine becomes longer 
and more slender, develops a flattened lateral 
flange, the thicker medial portion then be- 
comes reduced, and finally the apex becomes 
rounded and fringed; the lateral spines persist 
throughout. Coming south from New Guinea, 
the medial spine remains stout and unflat- 
tened but the lateral spines are lost 
The Fijian A. freycinetiae, a species having 
spatulate and fringed comb scales, lacks any 
baso-lateral spines, just as do the two Aus- 
tralian species characterised by pointed comb 
spines, A. alocasicola Marks and A. gahnicola 
Marks. 

One may question whether these baso- 
lateral spines have really been “‘lost’’ at all 
in the three species just referred to. From the 


New Mosquito from Fiji — LAIRD 


figures presented by Marks (1947) it appears 
that in all members of the £ochi group, those 
having pointed comb spines distally as well 
as those having fringed scales only, the prox- 
imal rows of the comb consist exclusively of 
apically and laterally fringed scales. As, more- 
over, the pointed condition is least evident in 
the early instars, it may be postulated that the 
development of pointed spines in the distal 
row is a later development than that of fringed 
scales. Support for this hypothesis is to be 
derived from a wider study of the tribe Culi- 
cini. Some of the more “primitive’’ members 
of this tribe (e.g., Toxorhynchites, Trichopro- 
sopon) \ack a lateral comb altogether, others 
(e.g., Harpagomyia, Theobaldia) have a comb 
composed wholly of fringed scales, and for 
that matter the least specialized subgenera of 
individual genera often exhibit only fringed 
scales (e.g., Maorigoeldia of Tripteroides, Mu- 
cidus of Aédes) although the comb of their 
more advanced relatives may consist partly or 
wholly of pointed spines. Again, in the sub- 
genus Culex, generalized species such as C. 
annulirostris Skuse and C. tritaeniorhynchus 
Giles breed in a wide range of surface waters 
and their larvae have large numbers of small, 
fringed scales in the lateral comb; species 
which have clearly diverged from the gen- 
eralized ancestral stock, on the other hand— 
for example C. bitaeniorhynchus Giles and C. 
squamosus Taylor, the larvae of which are to 
be found in association with green filament- 
ous algae, and C. basicinctus Edwards, having 
larvae specialized for life amongst algae in 
flowing streams—have the lateral comb made 
up of relatively small numbers of pointed 
spines. 

Accepting that the development of pointed 
spines in the distal row of comb teeth of 


members of the fochi group represents the 
specialization of a more generalized type of 
comb tooth, the fringed scale—and Marks 
(1947) noted that a larva of A. kochi itself 
from Nissan Island, at the eastern periphery 
of the range of this species, had one of the 
distal comb teeth apically fringed—there are 
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good grounds for postulating that the devel- 
opment of baso-lateral spines on both types 
of teeth is likewise a specialization. Marks 
(1947) drew attention to the fact that the 
Philippine A. flavipennis (Giles) (which of all 
members of the kochi group exhibits least 
development of the larval specializations 
which characterize these insects) has only 
short scales with a rounded tip and a fine 
apical and lateral fringe in the distal row of 
the lateral comb. This may be viewed as being 
in accord with the general tendency for the 
more primitive representatives of the various 
animal groups to be found towards the peri- 
phery of the zone of dispersal, as may the 
distribution of the more southerly species of 
the kochi group lacking baso-lateral spines on 
the comb teeth, A. alocasicola, A. gahnicola, 
and A. freycinetiae. 

The morphology of the last-named species, 
particularly the primitive type of fringed scale 
in the distal row of the larval lateral comb and 
the slender and scarcely specialized seta of the 
male coxite, suggests that this insect might 
be close to the parent stock from which both 
of its nearest relatives, A. samoanus and A. 
fyiensis, have evolved. This hypothesis gains 
weight from the fact that the larval habitat of 
A. freycinetiae is an indigenous forest plant in 
the axils of which the parent stock could well 
have persisted in ecological isolation long 
after an evolving sympatric species had in- 
vaded various large species of Pandanus. Spe- 
cies of Freycinetia and Pandanus form part of 
the indigenous Fijian flora, and ample time 
has thus been available for the development 
of the various morphological differences 
which at once separate A. fyiensis from A. 
freycinetiae; but much less time can have 
operated in the case of the closest relative of 
the latter species, A. samoanus, which cus- 
tomarily breeds in the axils of Colocasia and 
Alocasia spp., plants owing their distribution 
throughout the South Pacific to human agency. 

Buxton and Hopkins (1927) found it “not 
easy to understand why the typical A. ochi, 
breeding in coco-nuts, should give rise to 
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this race (A. samoanus ... M.L.) breeding so 
exclusively in the axils of taro, for coconut 
shells, and many other small dark hollows, 
are abundant in Samoa and Tonga.’’ These 
authors also found it difficult to account for 
the limited distribution of A. samoanus in 
Polynesia. Their puzzlement disappears in the 
light of the information now available. In the 
first place, Buxton and Hopkins based their 
belief that A. kochi breeds in husks on a record 
from New Britain by Hill (1925, also in Ed- 
wards, 1926). More recent investigators have 
altogether failed to corroborate this, and 
Laird (1946) found kochi larvae only in Colo- 
casia axils and in one Pandanus axil in New 
Britain. The larval habitats listed for this spe- 
cies by Marks (1947) and Knight and Marks 
(1952) were Colocasia, Alocasia, Pandanus, 
Crinum, bananas and pineapples; and various 
plants belonging to the families Araceae and 
Pandanaceae comprise the usual habitats of 
members of the kochi group in general. The 
second point considered anomalous by Bux- 
ton and Hopkins, the limited distribution of 
A. samoanus in Polynesia, ceases to be sur- 
prising when we can view this insect not as 
an ecologically and geographically isolated 
subspecies of A. kochi but as a sibling species, 
evolved in the South Pacific, which may have 
yet to attain its maximum limits of dispersal. 


CONCLUSIONS 


A. freycinetiae is regarded as close to the 
parent stock whence sprang A. fyiensis and 
A. samoanus, the last-named insect being much 
its closest relative. It remains to be estab- 
lished whether A. samoanus itself exists in 
Fiji. Despite the fact that great numbers of 
collections from various aroids, made over a 
considerable period of time, have not revealed 
its presence there, it is quite feasible that a 
race utilizing some other plant—perhaps a 
member of the Pandanaceae—as a larval hab- 
itat is yet to be discovered. This is all the 
more likely in view of the occasional occur- 
rence of A. samoanus larvae in Pandanus axils 
in Samoa and Tonga and of Lever’s discovery 
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of a single distinctive larva associated with 
A. fyiensis in Pandanus. Marks (1947) gave a 
brief description of this larva, which, differing 
as it does from A. fyiensis in having a non- 
pilose siphon, and from A. freycinetiae in hav- 
ing distal comb teeth similar to those of the 
former species, is very likely referable to A. 
samoanus, as she suggested. 

A careful investigation of the axils of Frey- 
cinetia spp. and other forest Pandanaceae in 
Samoa and elsewhere in the South Pacific, 
notably in the New Hebrides and New Cale- 
donia whence no representatives of the kochi 
group are known, might well shed still further 
light upon our knowledge of these mosquitoes. 

Observations on the biting habits of A. 
freycinetiae have yet to be made. Information 
concerning the behaviour of this insect is 
particularly desirable in view of the announce- 
ment by Symes (1955) that 68 (21.6 per cent) 
of 314 A. fyiensis females caught in houses 
and forest in Fiji (localities not stated) ex- 
hibited filarial infection (chiefly Wauchereria 
bancrofti). Symes’ mosquito identifications 
having been made in the belief that but one 
species of the kochi group is to be found in 
Fiji, the occurrence there of a second species 
and perhaps a third one as well obviously has 
important bearing on his conclusions. 
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The Second World Orchid Conference will 
be held in Honolulu, Hawaii, from September 
19 to 23, 1957. Dr. J. H. Beaumont, of the 
University of Hawaii, is general chairman of 
the Joint Planning Committee. He is assisted 
by Dr. Gordon W. Dillon, of the Botanical 
Museum at Harvard University, as chairman 
of the Program Committee, and by Mr. Ben 
T. Kodama, of Honolulu, as chairman of the 
Conference Show Committee. 


Primarily intended for comparison and 
observation of orchid culture techniques and 
for the exchange of information about orchids, 
the Conference is jointly sponsored by the 
University of Hawaii, the American Orchid 
Society, Inc., and the Hawaiian Orchid Societies, 
Inc., the central organization of all orchid 
associations in the Territory of Hawaii. 


Authorities on amateur and professional 
orchid culture from the United States and the 
Orient will speak at the sessions of the Con- 
ference. Tours to some of the Hawaiian Islands’ 
outstanding gardens, orchid nurseries, and 
points of interest are planned for more than 
1,000 visitors to Hawaii who are expected to 
attend the Conference. Although the majority 
of these visitors will come from the continental 
United States, a large number will come from 
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orchid-growing centers 
Europe, and Asia. 


in South 


America, 


Approximately 1,500 registrants are expected 
to enter exhibits in the Orchid Show, which 
will be set up in the patios and galleries of 
the Honolulu Academy of Arts. The show will 
offer the best and most representative collection 
of orchids grown in the Hawaiian Islands and 
in other parts of the world. Nearly 2,000 
Hawaii-grown plants, mostly of dendrobiums, 
vandas, and cattleyas, are to be included in the 
displays. Because Hawaii produces more vanda 
and dendrobium hybrids than does any other 
place in the world, this portion of the show 
will offer new varieties of uncommon interest 
to visitors. 


Among anticipated foreign entries, mostly of 
cut flowers, will be miniature cymbidiums from 
Japan, new English hybrid cattleyas, cypripe- 
diums from France, and cooler-climate species 
from other European countries. 


Cut flowers from continental United States 
and from Australia are expected to occupy a 
large part of the show. Additional galleries 
will display new species of dendrobium from 
Singapore and Thailand, general collections 
from the Philippines and East Indies, and 
cattleya species from Central and South America. 


Manuscript form. Manuscripts should be typed on 
one side of standard-size, white bond paper and 
double-spaced throughout. Pages should be conse- 
cutively numbered in upper right-hand corner. Sheets 
should not be fastened together in any way, and should 
be mailed flat. Inserts should be either typed on 
separate sheets or pasted on proper page, and point 
of insertion should be clearly indicated. 


Original copy and one carbon copy of manuscript 
should be submitted. The author should retain a 
carbon copy. Although due care will be taken, the 
editors cannot be responsible for loss of manuscripts. 
Introduction and summary. \t is desirable to state 
the purpose and scope of the paper in an introductory 
paragraph and to give a summary of results at the 
end of the paper. 


Dictionary style. \t is recommended that authors 
follow capitalization, spelling, compounding, abbre- 
viations, etc., given in Webster's New International 
Dictionary (unabridged), second edition; or, if de- 
sited, the Oxford Dictionary. Abbreviations of titles 
of publications should, if possible, follow those given 
in U. S$. Department of Agriculture Miscellaneous 
Publication 337. 


Footnotes. Footnotes should be used sparingly and 
never for citing references (see later). When used, 
footnotes should be consecutively numbered by su- 
perior figures throughout the body of the paper. Foot- 
notes should be typed in the body of the manuscript 
on a line immediately below the citation, and sep- 
arated from the text by lines running across the page. 
Citations of printed sources. All references cited 
should be listed alphabetically by author at the end 
of the paper, typed double-spaced. References to books 
and to papers in periodicals should conform to the 
following models: 


BATZO, RODERICK L., and J. K. RIPKIN. 1849. A 
treatise on Pacific gastropods. vii + 326 pp., 8 figs., 
1 map. Rice and Shipley, Boston. 

CRAWFORD, DAVID L. 19204. New or interesting 
Psyllidae of the Pacific Coast (Homop.). Ent. News 
31 (1): 12-14. 

19204. Cerotrioza (Psyllidae, Homoptera). 
Hawaii. Ent. Soc., Proc. 4 (2): 374-375. 


ROCK, JOSEPH F. 1916. The sandalwoods of Hawaii; 
a revision of the Hawaiian species of the genus 
Santalum. Hawaii Bd. Commrs. Agr. and Forestry, 
Div. Forestry Bot., Bul. 3: 1-43, 13 pls. 


In the text, sources should be referred to by author, 
date, and page, as follows: “It was noted (Rock, 
1916: 18) that...” or “Rock (1916: 21-24) 


Quotations. Quoted matter of fewer than five printed 
lines (about 200 characters) should be given in the 
text in the usual form, using double quote marks. 


Longer quotations should be set flush with left 
margin. The author is responsible for the accuracy 
of quoted material. 


Numbers. Decimals, measurements, money, percent- 
ages, time; enumerations in which any figure is 10 or 
over; and isolated enumerations of 10 and over should 
be given in Arabic figures, rather than spelled out, 
except when the number begins a sentence. 


ILLUSTRATIVE MATTER 


Illustrations should accompany manuscript, on sep- 
arate sheets. Often more valuable than a photograph 
is a good line drawing, which may be reproduced by 
the zinc etching process. 


Figures and graphs. Copy for figures and graphs 
should always be drawn large enough to allow for at 
least one-third reduction by the engraver. Copy 
should consist of carefully prepared line drawings in 
one color only, drawn in India ink on plain white 
drawing paper or tracing cloth. Co-ordinate paper 
with lines in light blue (a color which will not show 
in a photograph) may be used; but co-ordinates which 
should appear in the finished graph must be drawn 
in India ink. If original figures may not be con- 
veniently submitted with manuscript, duplicate rough 
sketches or photographic prints may be furnished to 
aid the editors in their decisions. 


It is strongly urged that an indication of scale be 
incorporated as a part of all drawings in which 
magnification and size are critical considerations. 


Photographs. Photographs should be chosen for clarity 
in portraying essential information. They should be 
printed for contrast, on glossy paper, and should be 
sent unmounted. They should be identified with serial 
number written in soft pencil on the back to corres- 
pond with list of captions. 

Tables. Tabular matter should be kept to a minimum. 
Each table should be typed on a separate page, and its 
position indicated on the manuscript. 

Captions. Readily identifiable captions for figures, 
gtaphs, photographs, and other illustrative matter 
should be supplied. 


PROOFS 


Proofs should be corrected immediately and re- 
turned at once to the Editor-in-Chief. All queries on 
proofs should be answered. 

REPRINTS 

Reprints or separates should be ordered when 
proofs are returned. Each contribution will entitle the 
author (or group of anthors) to 50 free reprints, 
without covers (these 50 to be divided where more 
than one author is named). At the time proofs are 
returned, authors may order additional reprints, with 
or without covers, at prices indicated in a schedule 
accompanying proofs. 
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